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Antisera and Antigens 


Enteropathogenic Coli Klebsiella 
Salmonella Shigella 


Brucella Leptospira Streptococci 
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Infectious Mononucleosis Antigens and Standards 
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designed for 
versatile, simplified 
PHYSIOLOGICAL EVENT 
MONITORING 





4. 


SANBORN 


MODEL 169A 


Viso-Scope 


ryvHis precision Sanborn cathode ray oscilloscope pre- 
intl the physiologic waveform under study as a 
bright, sharp, long-duration trace on its 5” screen—with 
provision for enlarging trace, instantaneous selection of 
25, 50 or 100 mm/sec. sweep speeds, and photographing 
trace with typical ‘scope cameras. Routine operation 
involves the use of only four controls, including focus, 
scale and trace brightness. 

Applications indicated by the four small illus- 
trations typify the Viso-Scope’s compatible versatility 
with other Sanborn instruments, for monitoring in place 
of (or supplementing) recording. They include: (1) 
single-channel monitoring of an ECG or another physio- 
logic event in conjunction with a Sanborn Electrocardio- 
graph; (2) simultaneous monitoring of up to four events, 
by means of the Electronic Switch and 4-channel Record- 
ing System; all waveforms appear on screen simultane- 
ously; (3) Aigh deflection speed monitoring, with booster 
amplifier and Twin-Beam (photographic) Cardiette, of 
such phenomena as phonocardiograms, small animal 'car- 

Write for detailed Viso-Scope folder, showing typical diograms, high fidelity human ECG’s, etc.; and (4) 
Eat We toes ee ee vectorcardiography, with the Vector Amplifier—with se- 
physical research, lection of any 7 conventional ECG leads, 3 tetrahedral 
SANBORN COMPANY or 3 cube vector leads. (Special modifications can provide 

MEDICAL DIVISION for Frank, Schmitt, or other “systems”, at additional 
175 WYMAN STREET, WALTHAM 54, MASS. cost.) 
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REAGENTS designed for stability . . . accur- 


acy... convenience ... economy. The natural and one best 
answer to the problem of unstable chemical solutions. Of par- 
ticular value to clinical laboratories using reagent solutions 
commonly employed in colorimetry and spectrophotometry. 


REVISED AND ENLARGED BROCHURE AVAILABLE... 


Please request 


Hlaolese products ave available off your pocfawed supply Kense 


HARTMAN-LEDDON COMPANY 
PHILADELPHIA PENNSYLVANIA 
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November 20 and 21, 1958 / Hote Plaza, New York City 


Devoted to the problem of the increase in resistant 
bacterial infections in private and especially hospital 
practice, its present status and remedial measures 


Participants will include clinicians from England, 
France, Germany, Sweden, Latin America and 
Canada, as well as the United States 


UNDER THE SPONSORSHIP OF 


She i oxld . Medical Ascaation 
UNITED STATES COMMITTEE 


AND 


@ PP ! 
Caton Laboratonies 


Space limitations necessitate attendance by invitation 
Requests should be addressed to: Colloquium, World Medical Association, 
10 Columbus Circle, New York 19, New York 








October, 1958 











A New Member for 
The World’s Finest 
Analytical Team 


. . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 

. or its sensitivity can be extended far into the range of trace- 
analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. /] 


Write for New Bulletin... B-245 L 


COLEMAN INSTRUMENTS INC., DEPT.E MAYWOOD, ILLINOIS 
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TECHNI-GRAM 


d 
ed attention has focuse ; 
i y of the Ox Cell Hemolysin Test 


in diagnosis 0 


INFECTIOUS 
) MONONUCLEOSIS 


\ncre | 
on the reliabilit 


* Peterson, E.T., Walford, R. L., Figueroa, W. G. and Chisholm, R. 
Ox Cell Hemolysins in Infectious Mononucleosis and in Other 
Diseases. Am. J. Med. 21(2): 193-199 (Aug.) 1956. (Hyland 
Laboratories will send you a reprint of this article promptly, 
at your request.) 
Whichever testing technic you prefer, Hyland supplies the necessary 
reagents... 


Preserved Ox Cells, 10 cc. 
Guinea Pig Complement, dried (with diluent), 3 cc, 7 ec, 20 ce. 


Preserved Sheep Cells, 10 ce, 30 ce, 100 ec, 300 ce. 
Beef Erythrocyte Antigen (Refined), 5 cc. 
Guinea Pig Kidney Antigen, 5 cc. 


Infectious Mononucleosis Positive Control Serum, dried, 1 cc. 
(titrated for both ox cell hemolysin and sheep cell agglutinin) 


HYLAND LABORATORIES 4501 Colorado Blvd., Los Angeles 39, Calif. 
160 Lockwood Ave., Yonkers, N.Y. 
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Paragon Reagents ° Dependable © Tested * Paramount Quality 
Paragon Standards and Reagents for Clinical Chemistry 


Accurately prepared and standardized in our own laboratories. 


Catalog 
Description No. Quantity Price 


Acid Digestion Mixture—Paragon (concentrated) _...............P745 100 ce $1.20 
Alkaline Copper Tartrate—Paragon (concentrated) for 1 liter 45 
Ammonium Sulfate Solution—Paragon (saturated-aqueous) 100 ce 1.00 
Benedict Compound Paragon—Qualitative, granules forlgallon 1.35 
for 1 liter 45 
Benedict Compound Paragon—Quantitative, granules............P631 forlgallon 2.70 
P611 for 1 liter 90 
Paragon Bone Decalcifying Solution 500 ce 2.35 
Benzoic Acid Solution—Paragon (0.25% aqueous)--.............P890 500 ce 1.00 
Paragon Combined Decolorizer-Counterstain 500 ce 1.80 
Creatinine Standard—Paragon (stock—1 ml. equals 1 mg.)...... P360 100 ce 75 
Creatinine Standard—Paragon (working—1 ml. equals .006 mg.)-P370 100 ec 75 
Diazo Reagent A—Paragon (0.1% sulfanilic acid) 250 ce 80 
Diazo Reagent B—Paragon (0.5% sodium nitrite) : 100 ce 75 
Ferric Ammonium Sulfate—Paragon (ferric alum powdered) --~~~~- 50 > 1.45 
Ferric Chloride Solution—Paragon (10% aqueous)--~~~-...-.-~--- P970 250 .90 
Glucose Standard—Paragon (stock—1%) , 100 ce 1.00 
Glucose Standard—Paragon (intermediate—stock—0.2% ) 100 ce 1.00 
Glucose Standard—Paragon (1 ml. equals 0.1 mg.)~...----.---.--P875 100 1.00 
Glucose Standard—Paragon (1 ml. equals 0.2 mg.)-....---------- P876 100 1.00 
Icteric Index Standard—Paragon (0.01% potassium bichromate) ..P590 250 85 
Nessler Compound Paragon, pom aon Me P701_ for 1 ili 1.90 
Nitrogen Standard—Paragon (stock—1 ml. equals 1 mg.)---~--~-- P722 100 85 
Nitrogen Standard—Paragon (working—1 ml. equals 0.1 mg.)---P723 100 ¢ 85 
Nitrogen Standard—Paragon (working—1l ml. equals 0.05 mg.)-.-P724 100 ce 85 
Nitrogen Standard—Paragon (stock—1l ml. equals 0.2 mg.)--~---- P725 100 85 
Nitrogen Standard—Paragon (stock—1 ml. equals 1.5 mg. in 
0.1N sulfuric acid) 100 1.00 
Nitrogen Standard—Paragon (working—1l ml. equals 0.015 
mg. in 0.01N sulfuric acid)....-......--- Se 100 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.75 : er P728 100 85 
Nitrogen Standard—Paragon (working—1 ml. equals 0.015 mg.) --..P729 100 ce 1.00 
Phenolphthalein Solution—Paragon (1% alcoholic) P960 100 85 
Phospho-Molybdic Acid Reagent—Paragon, concentrated for 1 
Picric Acid Solution—Paragon (especially purified— 
saturated—aqueous) 500 1.50 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 
equals 1 mg. chlorine) 250 1.00 
Standard Potassium Thiocyanate Solution— —Paragon (1 ml. 
equals 1 mg. sodium chloride) P656 250 1.00 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 
mg. chlorine) P650 250 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 
mg. sodium chloride) 250 
Sodium Alizarin Sulfonate Solution—Paragon (1% aqueous) 100 
Sodium Hydroxide Solution—Paragon (10%)-~-~-.--.--.---------- P355 500 
Sodium Hydroxide Solution—Paragon (0.1N) 500 
Sodium Tungstate Solution—Paragon (10%) 500 
Sulfuric Acid—Paragon (2/3N) 500 
Sulfuric Acid—Paragon (1/12N) 500 
Toepfer’s Reagent—Paragon (0.5% alcoholic) 100 
Van den Bergh Standard—Paragon (cobalt sulfate) 250 
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Write for catalog $54 fully describing Paragon Staining Solutions, Chemical Reagents and 
Solutions and Paragon Tray Drawer Cabinets and accessories 


All prices F.0.B. New York, N. Y., subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, New York 


Cable Address: Wijeno, New York 
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Nuclear-Chicago instruments being used are 
new DS5-5 Well Scintillation Counter and 
new 181A Royal Scaler. 





: Nis 


measurement of red cell mass and red cell 
survival with radioactive chromate 


Radiochromate labelled red blood cells are labelled human serum albumin and ferro- 


now used routinely in estimation of total 
circulating red cell mass and red cell sur- 
vival in helping diagnose hematological 
disorders. For this purpose, the newly- 
designed Nuclear-Chicago instruments 
illustrated supply a simple and accurate 
means of measuring radiochromium in 
solution without elaborate preparation of 
samples for counting. 


This same equipment is also ideal for 
estimating plasma volume with radioiodine 


kinetics using radioiron. 


For years Nuclear-Chicago has been a 
leader in the development of quality radio- 
activity instrumentation for the medical 
profession, providing in the highest degree 
the efficiency, accuracy and reliability so 
essential in this exacting field. 


Competent and prompt service is always 
available. Write for full details or ask to 
have our representative call. 


References: 1. R.C. Read: N. Eng. J. Med. 250: 1021-1027 (1954). 2. M. M. Strumia, L. Taylor, A. B. Sample, L. S. Colwell 


and A. Dugan: Blood. 10; 429-440 (1955) 


Radioisotopes arte creating ned frontie td om medicine 4 y 


- nuclear - chicago 
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249 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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Aloe -Narda 

Ultrasonic 

Cleaning Equipment is 
Fast 


¢ Low Cost 
¢ Efficient 


The right generator plus the proper 
transducerized tank furnishes the ideal 
ultrasonic system for cleaning almost 


hot lab apparatus, medical instruments, 
electronic components, optical and technical 
mechanisms .. . and so on. Whatever the 
problem, these ultrasonic systems can be 

the answer to doing it faster, cheaper, and 
more efficiently. 


anything you can think of . . . Glassware, Mi 


Operation is simple and easy. Just plug 
into any 115V, 60 cycle outlet. Fill the 
tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning 
economies are yours. Excellent for other 
uses too — like brightening, polishing, 
decontaminating, pickling, deburring, 
plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury ¢ St. Lovis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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(Left to right) Serological Pipette, Long tip, double bevel ground for strength (+7084); Warburg Flask, 
Single side arm (#5530); Tissue Culture Tube, with flat window, screw cap (+9831); Culture Tube, Non- 
toxic rubber snap cap (+9821); Centrifuge Tube, Micro, Plain with cylindrical bottom (+8090); Petri Dish, 
LIFETIME RED grid on exterior of bottom (+3165). 


485 NEW PYREX’ items 


plus all the other labware you need 
are listed in this new catalog 


What you see in the picture is just part of the 
assortment of new labware, created by Corning ¥ CORNING GLASS WORKS 


for you. 

The 485 new items join some 9,000 others— 
all fully detailed in Catalog LG-1. And, for the 
first time, you'll find specifications on both 
standard and custom ware between the covers 
of a single volume. 

There are 348 pages, color-coded so you can 
quickly locate and identify what 
you need. 

You get the new items, plus 
the Pyrex lab glassware you're 
already familiar with, from your 
regular lab supply dealer. 

The catalog you get from us, 

FREE. Just fill in the coupon 
and send it on its way. We'll do 
the rest. 


82-10 Crystal Street, Corning, New York 


Please send me the NEW, complete Laboratory 
Glassware Catalog, \G-1. 


Name 
Title 
Company 
Street 
City 


Zone State 


Cnning meath wdeatch in Glass 


. .. the tested tool of modern research 


October, 1958 Page 11 





looking for a good fraction collector? 


here’s a quick check list of things to look for... 


lly automatic? 


et it up, come back later, find 
fone, results waiting 


ct up to 200 samples? 


fireds of small fractions give sharper 
erentiation, higher resolution 


afew drops to 28cc? 


‘volume-versatility to handle the full 
range of cutting problems 


h a choice of two methods? 


time/flow or routine work, or drop- 
counting for critical accuracy 


indem rig for doubled output? 


; hurries up things when you need results 
TECHNICON T/F FRACTION COLLECTOR 


fitted with a tandem rig to _ @@ntinuous progress totalizer? 
double collecting output. aif! Oe 





shows you at any time exactly how far 
sampling has progressed 


above all 
nmyou depend on it? 
has it a proven-in-use record which 


guarantees soundness of design, rugged- 
ness of construction 


to look further. The Technicon Fraction Collector, not only 

y point above, but on practically any other you can think of. 

collector has an unmatched record in hundreds of laborato- 

over. And that’s important . . . because a poor collector that’s 
br repairs can clog rather than expedite your work load. 


~technicon: 
Wechanized fraction collection 


There’s much more you should know about this time-and-labor saving 
instrument. Write today for brochure. 


TECHNICON CHROMOTOGRAPHY CORPORATION 
215 East 149 Street, New York 51, N. Y. 








You are cordially invited to attend the 


PARADE of 
SCIENTIFIC 
INSTRUMENTS 


for Education, Public Health and Industry 


.. featuring a symposium and 
lectures by eminent scientists 
and technicians on instrumentation 


and methods. 


New Laboratory Instruments 
New Apparatus and Chemicals 
New Techniques — New Ideas 


Demonstrated and Displayed 
By 50 of America’s Outstanding Instrument and 


Apparatus Manufacturers and Chemical Producers 


GRAND BALLROOM 
HOTEL NEW YORKER 
34th Street and 8th Avenue, New York City 


Nov. 10,1958 -— 2to9 P.M. 
Nov. 11,1958 -— 11A.M.to 9 P.M. 
Nov. 12,1958 — 11A.M. to 7 P.M. 


under the auspices of 


STANDARD SCIENTIFIC SUPPLY CORP. 


808 BROADWAY NEW YORK 3, N. Y. 
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Model LRA Shown set up for 
continuous flow operation 


(Cover normally closed) 


The model LRA is the first automatic refrigerated centrifuge of 
its kind. Like the non-automatic Model LR, it has the newest and 
most efficient refrigeration design ever introduced. By proper 
placement of cutouts, baffles and deflection plates, a smooth 
forced air circulation system is set up. The warm air coming off 
the rotor flows around large surface area cooling coils on the side 
and bottom of the chamber. Upon emergence in the cooled form, 
the air flows onto all portions of the rotor. This system permits 
the cooling of any Lourdes’ rotor from ambient to 0°C within ten 
minutes by spinning at slow speed. Rotor temperatures are easily 
maintained at 0°C and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or for shorter runs 


By merely throwing a toggle switch, a 1 Hp. motor automa- 
tically accelerates any rotor to a pre-set speed . Lourdes’ electro- 
dynamic push-button braking system provides for smooth rotor 
stopping in a fraction of unbraked stopping time. A time delay 
relay releases the braking action at slow speed and permits the 
rotor to stop naturally without disturbing the sediment. This same 
centrifuge is now available with a 4% Hp. motor drive (Model 
LRA-1) to provide higher speed and force with the smaller rotors. 


Each centrifuge comes adapted to accommodate the new 
Lourdes’ continuous flow system at no additional cost. The con- 
tinuous flow rotors with polyethylene liners, in addition to ease of 
operation, assembly and disassembly, also offer fast flow rate, 
high speed and force and greater collection capacity than any 
comparable continuous flow centrifuge. New time saving ap- 
plications for these rotors are being discovered daily. 


Every Lourdes’ instrument is guaranteed for a period of one 
year and this guarantee insures customer satisfaction 





Super-Speed 


REFRIGERATED 


+ ++ + + + F HH 


CENTRIFUGE 


Fully automatic rotor acceleration 
Push. button Electro-Dynamic Braking 
(smooth stopping) 

Accommodation for new continuous 
flow system” 

Automatic unbalance Electrical Safety 
trip 

Accommodates new -3 liter capacity 
rotor (10,000 X G) 
All Lourdes’ rotors inter- 


directly 


changeable 

Unsurpassed refrigeration efficiency * 
Electric tachometer and synchronous 
timer 

Complete safety controls 


Write for New General Catalog refer to cm1os 


Catalog includes: 


© Refrigerated centrifuges* 
© Non-Refrigerated centrifuges 
@ Automatic Centrifuges 
@ Non Automatic centrifuges 
© Continuous flow centrifuges* 
@ Rotor data 
@ Multimixer—All purpose homogenizer 
@ Volumixer—Large capacity homogenizer 


Sole distributor in Canada 
Canadian mee + Supplies Ltd. 


Nationwide U.S.A. Dealerships 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES. ESTABLISHED 1944 


LOURDES Instrument Corp. 


53rd STREET & Ist AVENUE 


BROOKLYN 32, NEW YORK 
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PROVED BY 
10 YEARS’ 
EXPERIENCE 


THE B-D VACUTAINER 


EVACUATED SPECIMEN TUBE 


otfers the simplest and most efficient method of obtaining 
quality blood specimens: 


sera A superior stopper 
atl _— easy to clean 
P \ dished-out top for speedy cleansing 


\ free from dirt-catching crevices or corners 


\ easy to remove 
protruding stopper for easy 
one-hand “flip-off” removal 
easy to use 


diaphragm placed to ensure proper technic 
and minimize vacuum loss 


A straight side tube 

easy pouring or pipetting of serum 

easy clot removal 

can be reused for routine laboratory procedures 


Every B-D Vacutainer Specimen Tube is 


vacuum packed to assure factory freshness 
color-coded according to usage 


Available in six sizes and a range of 45 anticoagulants 
and preservatives, with catalog numbers printed on 
anticoagulant tubes. Partial vacuum for controlled intake 
in proportion to anticoagulant, wherever required 








Fre 





B D BECTON, DICKINSON AND COMPANY 


RUTHERFORD, NEW JERSEY 





M. Ree $. PAT. ore 
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\ OW -suitobromophthalein 


and Phenolsulfonphthalein by DADE 


New SBP 


for liver function test 


CONVENIENCE—Sulfobro- 
mophthalein Sodium, USP, for 
injection is conveniently sup- 
plied in rubber-stoppered, 
single-use, sterile vials for easy 
withdrawal. Packaged for your 
greatest convenience and econ- 
omy—3cc and 10cc vials take 
care of a wide range of body 
weights—10cc vial is sufficient 
for patients weighing 220 lbs. 


QUALITY — Carefully analysed 
control of the dye compounds 
and Dade’s extensive clinical 


testing are your guarantee of 
accuracy and safety. 








No. 53565A—Dade Sulfobromophthalein, USP, for 
liver function test, 3ce vial. 
Box of 10 vials P $4.50 
10 boxes, box ‘ 4.00 
No. 53565B—Dade Sulfobromophthalein, USP, 
10ce vial. Box of 10 vials $10.75 
5 boxes, box... 9.40 


Another new product from Dade — 
Phenolsulfonphthalein— Measures glomerular and 
tubular kidney function. Packaged in convenient, 
lec rubber-stoppered, single-use, sterile vials. 
No. 53564—Dade Phenolsulfonphthalein, USP, 

for kidney function test, lee per vial. 
Box of 10 vials $2.00 
10 boxes, box. . ; 1.35 
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A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


E23LABOLUX 


LABOLUX for photon 
crography with LEICA 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory. 


SS OS Oee eee eeeae eG @ & 


E. LEITZ, INC., DEPT, L-10 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz LABOLUX brochure 


Name 





FIRST IN PRECISION OPTICS 


Street 





20987 
City Zone, State 





©. LEITZ, INC... 466 FOURTH AVENUE, NEW YORK 16. N.¥ 
Dist But s ef the w p.¢ 1 ts ‘ 

€ stiens@ b M Wetrte . . ‘ . « »nade ) 
oS Se ee eee ee ee ee ee ee ee ee ee ee ee ad RK EICA CAMERAS - LENSES microscores Seinocvurcarse 
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OMPREHENSIVE 
OVERAGE OF = 


AMERICAN JOURNAL Official publication for thirty-one societies in obstetrics and 

gynecology. Indispensable to the physician who must have 

OF OBSTETRICS AND complete and authoritative coverage of these fields. 

GYNECOLOGY Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


AMERICAN HEART Ac2 international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
JOURNAL ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


THE JOURNAL OF Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
LABORATORY AND Their findings are broadly informative, having wide appli- 
CLINICAL MEDICINE cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 

$14.50. 


THE JOURNAL OF Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
ALLERGY matologist treats allergy as a matter of course. Yet the 
subject is so complex that special coverage of it is necessary 
if satisfactory results are to be uniformly obtained. 
Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


THE JOURNAL OF An independent pediatric journal, with the largest reader- 
PEDIATRICS ship throughout the world. Regular departments are: 
Medical Progress, Clinical Pathological Conference, Psy- 
chologic Aspects of Pediatrics, Comments on Current 
Literature, Editor’s Column, News & Notes, and Book 
Reviews. Monthly, Domestic, $12.00; Canada & Pan- 

America, $13.00; Elsewhere, $14.00. 


JOURNAL OF Devoted to the humane, adequate, and economically-sound 
management of all long-term illnesses of all age groups. Its 
CHRONIC DISEASES scope embraces the medical, psychological and pan oe 
aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 

America, $13.00; Elsewhere, $14.00. 


THE JOURNAL OF Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
THORACIC SURGERY the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


SURGERY Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisal, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 
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expanded 12th 
edition of the 
Emil Greiner 
catalog contains 
complete 
information on 
The World’s 
Largest 
Selection 

Of Laboratory 
Equipment and 
Apparatus 


e NEW SECTIONS on Chromatography and 
Nuclear Radiation 

e EXPANDED SECTIONS on centrifuges, elec- 
trical testing equipment, clinical testing, 


MAIL COUPON TODAY petroleum test equipment, distillation equip- 
ment, polyethylene ware, many more. 


“Te EMIL Gd EINER Ci. e COMPLETELY INDEXED, conveniently 


sna ts neenene grouped alphabetically. 
wecaseeseewoeeeaeessosoeeeececce eanaaseesesecease 


The Emil Greiner Co. IR ee ne es ey apn ey oe Oe RE 
Dept. 225 

20-26 N. Moore Street) Ss a tiueds e060 cb scanshatesssuheeeseeeteeenee sees 
New York 13, N. Y. 
Gentlemen: 

Please send me a free copy 
of your expanded catalog 
(12th Edition) 


FIRM NAME... ..csccccccccccesesvssessessseseeses 
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SP nat 26,00 
IN 1500 mi at 26, 000x¢ 


and moj 
aintai 
in materiag| temp 
erature 


INTER 
‘ie ehipstiaae HIGH-s5 
ERATED CENTR; 7449) 
a UT ey 3 


This unique combination of large capacity, higher speed and 
lower controlled temperature increases the yalue of centrifugal 
force as 4 basic research tool. 


HIGH “G” HEADS: The 8-place 50 mi head delivers 40,000 x G; 
the 6-place 250 mi head, 26,000 x G. Adapters are available for 
use with smaller tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by 4 direct drive, special motor. 
Speeds are set by 4 stepless autotransformer control. 


EEN —20°C and + 40°C are kept 
a1 HP refrigeration unit, an 
rator, and 4 new combination of 

ass insulation. 


USE THE COUPON to get all the facts about this ail-new and 
better high-speed refrigerated centrifuge from International - - - 
Your Dependable Source for Centrifuga 





- et ae ee SS 


International ©) Equipme 

SOLDIERS q P C 

Refi rush complete data FIELD ROAD, BOSTON 35, MA vid a 

igerated Centrifuge. , prices and delivery schedules o 1 nee antrrensealeetnes 
n International’ 


mi s new HR-1 High-Speed 





Institution 


Street & No. 








BRAND NEW. .. AVAILABLE NOW! 
FISHER CATALOG 


NeW [ MPAC] vesien... 


It’s all new in every way .. . not 
just a revised edition! 528 more items 
Most complete catalog ever . . . easy : 
to read, easy to use . . . current, Ss ae enlarged to 1,040 pages... in 
up-to-the-minute dete. Wf your leb- slim-line, easy-to-handle size. More 
oratory hasn't received its free copy, : . : 
write today to: illustrations and exclusive features 


120 Fisher Bidg., Pittsburgh 19, Pa. ... the key source for laboratory needs! 


&} FISHER SCIENTIFIC 


America s Lorgest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York Washington Toronto 
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Concrete, Practical Applications for the 
Prevention of Disease for the Practicing Physician 


PREVENTION OF DISEASE 
IN EVERYDAY PRACTICE 


CONTENTS By ISADORE GIVNER, B.S., M.D., F.A.C.S., 
Practical Outline of Cancer Prevention Associate Clinical Professor of Ophthalmology, 
Prevention of Poisoning—Accidental and New York University Post-Graduate Medical 
Preventive Pediatrics School, and MAURICE BRUGER, M.Sc., 
Preventive Aspects of Infectious Diseases M.D., C.M., F.A.C.P., Associate Professor of 
a ee 1 eu ape in the Ortho- Medicine, New York University Post-Graduate 
Stren Hg i we Following Medical School, and contributors. 
Acute Anterior Poliomyelitis 
aceiee denen of bictabets end Sih 1955, 964 pages, 634” x 934”, 50 illustrations. Price, $10.00 

docrine Disease 

eee wll Cardiology ine : y 4 : 
Preventive Aspects of Peripheral Vascu- “The philosophy of this book is admirable and may be 


Preventive Aspects of Pulmonary Dis a bit ahead of the philosophy of physi ians of today, 
ease , > Ir ne [e > > . 
AE SE ge ee because most physic ians have not been trained to think 
Preventive Aspects of Diseases of Liver in terms of preventive medicine, they are far too busy 

Bile Ducts and Pancreas . 4 - - % 
Preventive Aspects of Arthritis and Al treating the Nar ° Here isa book u hie h is devoted 
lied Disorders ; * cae i 
Preventive Renecte of ‘Teeplent Mediaine primarily to prevention and to which the stude nt and 
Preventive Aspects of Allergic Disorders physician can refer for the practical information he 
Preventive Dermatology _ ’ 
Preventive Psychiatry needs to have. : 
Preventive Neurology SOUTHERN MEDICAL JOURNAL 
Preventive Radiology 
Preventive Aspects of Industrial Medicine 
reventive Aspects of General Surg . , a . 
es tee lt Dancap asi Covering more than the control of communicable dis- 


Preventive Aspects of Abdominal Surgery ease and such related subjects as epidemiology and en- 


Preventive Aspects of Fractures and 


Other Injuries vironmental sanitation, PREVENTION OF DISEASE 
Preventive Aspects of Thyroid Surgery u ve A Py TYAV ACTIO S  teeane , >. 
Screen Mateats of ‘Ssane een IN EVERYDAY PRACTICE discusse s not only pre 
Preventive Aspects, of Cardisc Surgery vention of disease as prescribed in daily, everyday prac- 

reventive phthalmotogy . . . “Dy ‘ ‘ . 

Pesvention of Glades Seem Gln tice, but describes the prevention of complications of 

coma disease as well. Written by 45 practicing physicians, 

Preventive Aspects of Plastic Surgery ane P “~t.. “ . . 

About the Orbit each a specialist in a recognized field of medical practice, 

Prevention of Complications in Catar 


act Surgery this compact, well-done volume gives you detailed clini- 


Prevention of Complications in the cal instruction in the prevention of all diseases you 
Surgery of Retinal Detachment 


Preventive Otolaryngology would encounter in day-to-day practice. Pointing out 
Preventive Laryngology and Broncho , . 


Esophagology the need for more reparative treatment in medicine 
Croventve Aagects of Neusclegicnl Sus today, this highly-informative text stresses the recog- 
Preventive Proctology nition of early signs and symptoms of diseases. Properly 
ets eet Obstetrics and effectively used, PREVENTION OF DISEASE IN 

+ Gynecology EVERYDAY PRACTICE can become a well-consulted 


Preventive Dentistry 4 
relerence. 











Mark and Mail This Coupon Today!~-~—— 


The C.V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Gentlemen: Please send me Givner-Bruger’s PREVENTION OF DISEASE IN EVERYDAY 
PRACT ICE priced at $10.00. I understand that if I am not completely satisfied I can return 
the book within 10 days with no charge or obligation. If remittance is enclosed, publisher 
pays the mailing charges. 
Payment enclosed () Charge my account 
Dr. 
Street 
City 
Las-10-58 
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New, Simplified Micro System 


1. Typical procedure—Draw 40 lamb- 


das of whole blood to the 1 mark on a 
Corpette. Draw acid zinc sulfate to the 


2. Transfer contents to disposable 1 mi 
micro-centrifuge tube. Using S P Accup- 
ette, add 40 lambdas barium hydroxide 


reagent. 


4. Using S/P Accupette, transfer re- 

= amount of supernatant filtrate to 
| micro-reaction flask; add reagents 

necessary for color development. 


water bath. 


Equipment shown here forms the 
nucleus for a group of microchemical 
determinations requiring as little as 
40 lambdas of whole blood, plasma 
or serum. Adaptable to almost any 
method, this equipment can sim- 
plify your laboratory procedures 
remarkably. 


Suggested procedures for deter- 
minations of Blood Sugar, BUN, 
Inorganic Phosphorus and Bili- 
rubin are available from Scientific 
Products. Information on other 
determinations will be available 
shortly. 


Your S/P representative has 
samples and detalis on ali the 
items shown here, or write 
Technical Service Department, 
Scientific Products,1210 Leon 
Piace, Evanston, lilinois, for 








information. , 


5s. Place om in constant level micro 


p 


m4 


a 


ee 


6. Transfer contents to 10 mm cuvette 


and read in Coleman Spectrophotom- 


eter. 


To pertorm microchemical determina- 
tions In your laboratory, here's ali you 
need — 
© S/P Micro System 
® Assorted Accupettes—micro pipettes 
10 to 100 lambdas capacity 
®@ Coleman Spectrophotometer 


@ High-speed micro-centrifuge with 
head for1 mi micro-centrifuge tubes 


S/P Micro System consists of— 
Corpettes— volumetric blood diluting pi- 
pettes with +1% accuracy 

12 10 mm Cuvettes for Coleman Jr.- 
umes as small as 1.5 ml 

12 Micro-Space Adapters—when used with 
cuvette, permits measurement of volumes as 
little as 0.7 ml 

50 1 ml Polystyrene Centrifuge Tubes 

12 2 ml Reaction Flasks 

6 Adapters for 50 ml shield— permits centrifu- 
gation of Reaction Flask in 50 ml trunnion 
cup; also acts as support for flask 

1 Constant Level Water Bath with rack 

12 reaction flasks 
S/P Micro System 


For laboratories requiring a head for 1 ml micro- 

centrifuge tu 

No. 52471 B—Head, only, 8-place, for 1 ml micro- 
centrifuge tubes; with shields, cover 
and adapters; fits Adams Micro- 
Hematocrit Centrifuge. . $78.00 

No. 52471A—Adams Micro-Hematocrit Centrifuge 
with 8-place head for 1 ml micro-cen- 
trifuge tubes. 12,000 RPM, up to 
13,000 X G force . $231.00 


for vol- 


for 
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New model with . 
Stainiess steel chamber . 


ANHYDRIC ELECTRIC 


BACTERIOLOGICAL INCUBATOR 


With inner glass door, Stainless steel chamber, glass wool insulation 
and sheet metal exterior finished in gray Hammertone enamel. 
Heating element, woven of Nichrome wire with glass cloth insula- 
tion, is applied around bottom and two sides of chamber to provide 
even distribution of heat. 


Temperature is controlled by an adjustable, bimetallic thermo- 
regulator with shielded, silver contact points. Control wheel on top 
of incubator allows temperature adjustment over range from room 
temperature to approximately 65°C in the small size and to 54°C 
in large size. 


Inner and outer doors have magnetic latches and rubber gasket 
for easy, positive closure. Outer door hinged along entire side. 


Small size has two sliding shelves of expanded metal, 13% inches 
wide x 1334 inches deep, with six sets of shelf runners 2'% inches 
apart; large size has three shelves, 17°¢ inches wide x 19'4 inches 
deep, with five sets of shelf runners 5 inches apart. Shelf runners and 
sliding shelves permit ready withdrawal of entire contents of 
chamber without danger of tipping of shelves. 


Operating sensitivity, ie., maximum variation of temperature 
at location of thermometer bulb, is +0.5° at 37°C. Maximum 
variation throughout the shelf area is less than 2°C at incubating 
temperature. 


1423-A. Bacteriological incubator, Anhydric, Electric, Thomas, chamber 
15% inches wide x 15% inches deep x 18 inches high. With two shelves, 
thermometer, and 3-wire connecting cord with 2-prong attachment plug cap 
and grounding tail. For 115 volts, a.c. only. Without stand 


1424-A. Ditto, but on stand 32 inches high 


1428-A. Bacteriological incubator, Anhydric, Electric, Thomas, chamber 
20 inches wide x 20 inches deep x 26 2 inches high. With three shelves, thermom- 
eter, and 3-wire connecting cord with 2-prong attachment plug cap and 
grounding tail. For 115 volts, a.c. only. Without stand 


1428-H. Ditto, but on stand 32 inches high. .......- eeeeeeeees 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on — Laboratory Apparatus and Reagents 


VINE ST. AT BRD ¢ PHILADELPHIA G, PA. 


Jour. of Lab. & Clin. Med. 





The Journal of 
Laboratory and Clinical 
Medicine 


CLINICAL AND EXPERIMENTAL 


EFFECT ON PORTAL BLOOD AMMONIUM OF ADMINISTERING 
NITROGENOUS SUBSTANCES TO PATIENTS WITH 
CHRONIC HEPATIC DISEASE 
LESLIE T. Wesster, Jr., M.D..* CHARLES S. Davipson, M.D., AND 
GrorGE J. Gaspuzpa, M.D 
CLEVELAND, OHIO, AND Boston, MAss. 


N PATIENTS with cirrhosis and/or Eck’s fistula, excessive intakes of protein 

and certain other nitrogenous substances may precipitate the syndrome of im- 
pending hepatie comat associated with increased blood ammonium concentra- 
tions..“* Although the exact nature and sources of increased ammonium in the 
blood are incompletely understood, it is known that high coneentrations of this 
potentially toxie substance are normally present in portal blood and that these 
are reduced substantially by the liver. 

Animal experiments indicate that most of the ammonium in portal blood 
comes from the large intestine.” '* Moreover, ammonium can be formed in the 
gastrointestinal tracts of man and experimental animals by means of bacterial 
enzymatic action on certain nitrogenous substrates and possibly by other means 
as well.'*"" 

The present investigation of sources contributing to portal blood ammonium 
in man resulted from the observation that patients with hepatie disease demon 
strated variations in blood ammonium concentration during a given day that 


From the Department of Medicine, Western Reserve University School of Medicine at the 
Cuyahoga County Hospital, Cleveland, Ohio, and from the Thorndike Memorial Laboratory 
and the Second and Fourth (Harvard) Medical Services, Boston City Hospital, and the Depart- 
ment of Medicine, Harvard Medical School, Boston, Mass. 


This investigation was supported in part by the Research and Development Division, 
7 


Office of the Surgeon General, Department of the Army, under Contract DA-49-007-MD-749 


Preliminary results of this investigation were presented at the sixth annual meeting of 
the American Association for the study of Liver Disease, Chicago, Lilinois, November 1955. 
(Abstracts Am. J. Med. 21: 130, 1956; J. Clin. Invest. 35: 742, 1956.) 

Received for publication March 13, 1958. 

*Russell M. Wilder Fellow of the National Vitamin Foundation 

tCharacterized by mental confusion and a “flapping” type of tremor 
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could be largely eliminated by a period of fasting. The feeding of protein 


produced prompt increases in portal collateral blood ammonium concentration. 
Some factors responsible for these increases were investigated by determining 
ammonium concentrations in blood drawn from superficial abdominal veins, 
peripheral veins, and, in some instances, arteries, both before and after the ad- 
ministration of certain products of protein metabolism, including urea, gluta- 
mine, glutamie acid, and ammonium salts. The patients were also studied be- 
fore and after the oral administration of neomycin sulfate to determine whether 
or not the increased blood ammonium concentrations resulting from protein and 
some of its metabolites were dependent upon the integrity of gastrointestinal 
bacteria. 
TABLE I. CLINICAL AND LABORATORY FINDINGS IN 10 PATIENTS WitH Hepatic DISEASE 
BLOOD NON- 
SERUM | PROTEIN ¢ OR 
TOTAL | UREA 
BILIRUBIN SERUM | NITROGEN 
AGE PHYSICAL FIND (MaG./100 BSP (MG./100 
AND SEX DIAGNOSIS INGSt ML.) | (PER CENT) ML.) 


66 M. ‘irrhosis Ieterus, edema 2.6 48 223 


“~—+ 


56 M. ‘irrhosis, Angiomata 1.0 19 
pertioneal tu 
bereculosis 


‘irrhosis, pep Icterus, angio 
tic ulcer mata, spleno 
megaly, edema 
‘irrhosis Splenomegaly, 
edema 
‘irrhosis, meta Edema 
static car 
cinoma 
‘irrhosis (Angiomata, 
edema 
Cirrhosis Angiomata, sple 
nomegaly 
Metastatic ear Edema 
emoma 4 
Icterus, angio 
M. Cirrhosis mata, edema 


M. Cirrhosis Edema 


M. Cirrhosis Edema 


*The diagnosis was confirmed by histologic examination in all patients except E. G. 


tAll patients had ascites and dilated superficial abdominal collateral veins. All patients 
had hepatomegaly except J. McC. and E. G. 


itBlood nonprotein nitrogen 


METHODS 


Nine men and two women were studied (Table I), Their ages ranged from 49 to 76 
years. All had histories of heavy alcoholic and poor dietary intakes and had physical and 
laboratory findings consistent with chronic hepatic disease, Diagnoses included Laennee’s 
cirrhosis in 9 patients, carcinoma metastatic to the liver in one patient, and cirrhosis and 
metastatic carcinoma involving the liver in the remaining patient. Diagnoses were con 
firmed by histologic findings in all except one patient (E. G.), 
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Five patients were observed on the ward of the Thorndike Memorial Laboratory at 
Boston City Hospital, 5 on the medical wards of the Cleveland City Hospital, and 1 on a 
medical ward at the Crile Veterans Administration Hospital in Cleveland. By calculation, 
their daily diets contained adequate calories: 60 to 90 Gm. of protein and 250 mg. of so 
dium. Food intakes were relatively constant and no dietary alterations were made during 
the course of this study. Except for J. A. (Fig. 1), none of these patients received foods 
or medications containing nitrogen for at least 12 hours before the initial blood ammonium 
determinations were performed, None of these patients had confusion, coma, tremor, 
shock, hemorrhage, or blood urea nitrogen concentrations over 20 mg. per 100 ml. 

Ammonium nitrogen (NH,N)* was determined in serial blood samples obtained ap 
proximately simultaneously from a superficial abdominal vein, from an antecubital vein, 
and, in some instances, from an artery usually twice before, and at intervals after, the 
administration of various nitrogenous substances. These observations were repeated in 
some patients after they had been treated with oral neomycin sulfate.t This essentially 
nonabsorbed antibiotic was given as follows: 2 Gm, initially, then 1 to 2 Gm. every 4 
to 6 hours until the dose totaled 6 to 12 Gm. during the 16 to 20 hours preceding the ab 
sorption studies, 

Blood samples were obtained from superficial abdominal veins located centrally and 
superiorly on the abdomens of the patients studied, Employing such abdominal veins as a 
method for sampling of portal venous blood!? presented several limitations. Although 
portal blood NH,-N levels in human beings are reported to be 2 to 4 times higher than 
the antecubital venous concentrations,® the fasting portal collateral blood NH,-N con 
centrations obtained in the present study usually were not much higher than, and some 
times were equal to, those found in antecubital venous blood. The extent to which blood 
in a given superficial abdominal vein reflected an assumed change in portal blood NH,-N 
concentration varied in several ways, Significant differences in fasting abdominal venous 
blood NH,N concentrations and in the increases in blood NH,-N concentration occurring 
after a given ammonium load were noted in different patients, in various abdominal veins 
of the same patient, in different locations of the same abdominal vein, and in the same 
location on different days. Indeed, following the oral administration of 50 mg. or more of 
ammonium salt nitrogen, the blood NH,N concentration increased in some veins on the 
anterior abdominal wall while it did not in others indicating that the latter veins did not 
contain a measurable quantity of portal venous blood, Thus, there were anticipated diffi 
culties in properly assessing the fluctuating blood NH,-N concentrations obtained and in 
determining the source of blood obtained from the superficial abdominal veins of patients 
with ascites and chronic hepatic disease. 

Most limitations in assessing fluctuating blood NH,-N concentrations were overcome 
by comparing NH,N concentrations only in blood samples obtained for each patient from 
the same location in the same abdominal vein on a given day. Blood NH,-N concentrations 
obtained in this way from a fasting patient were quite reproducible (Table Il). The 
same location was also employed when changes in NH,-N concentration were compared on 
different days before and after neomycin. When changes in blood NH,-N concentrations 
following the administration of a nitrogenous substance were compared before and after 
neomycin was given, only gross changes were considered significant because of the day-to 
day variations in fasting blood NH,-N concentrations. 

Blood obtained from the: superficial abdominal veins employed in this study was 
assumed to represent portal blood to some extent for the following reasons. A super 
ficial abdominal vein was selected so that its blood yielded increases in NH,-N concentra 


tion after the administration of test nitrogenous substances. These increases almost al 


ways exceeded or at least equaled those found for antecubital venous blood. If the NH,-N 


*Whether ammonium normally is present in circulating blood or whether it is formed only 
after blood is shed has not been established. Volatile base, released from blood upon addition 
of alkali, is assumed to be nearly all ammonium 


tMycifradin sulfate, The Upjohn Company, Kalamazoo, Mich 
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concentration in blood from a superficial abdominal vein did not change significantly 
after administration of a test nitrogenous substance, the result was included only when 
a significant increase followed the subsequent administration of quantities of another 


nitrogenous substance shown by previous experience to produce such an effect (e.g., 60 mg. 
or more of NH,-N given orally as an ammonium salt). In 3 patients included in this study 


A. I, J. K., and A. 8.) and in 3 additional patients given methionine orally,!* increases 


in superficial abdominal blood NH,N concentration after test nitrogenous substances ex 
ceeded those found in arterial blood. Indeed, NH,N concentration was frequently 


sig 
nificantly 


increased in superficial abdominal venous blood when significant increases were 


TABLE If. DirrERENCES IN NH,-N CONCENTRATIONS IN CONSECUTIVE BLOOD SAMPLES DRAWN 
DURING THE SAME Day FROM THE SAME SITE IN THE SAME FASTING PATIENT 


NUMBER OF 

| COMPARI RANGE NH,-N 
NUMBER OF SONS IN DIFFERENCES 

DIAGNOSIS PATIENTS PATIENTS (wG/100 ML.) 


Arm or leg vein No liver disease 4 6 0-11 
Cirrhosis 19 S4 0-23 


Artery No liver disease 1-12 


0-18 


Superior jugular bulb No liver disease 1-15 
Cirrhosis : 1-14 


Abdominal collateral Cirrhosis : 0-22 
vein 


TABLE III. NITROGEN AND AMMONIUM CONTENTS OF SUBSTANCES ADMINISTERED 


TOTAL ANALYZED 
NITROGEN AVERAGE AN NH,-N 
SUBSTANCE, QUANTITY, ADMINISTERED ALYZED NH, N ADMINISTERED 
AND COMPOSITION ROUTE (GM. (mMG./amM. N) (MG, ) 
Protein, 50 Gm.; Lonalac,t 120 P.O, 8 1.11 (3) 
Gm.; 3 eggs and water to 
500 ml. 


S.U 


Protein, 30 Gm.; 300 ml. of 
above mixture 


Protein, 20 Gm.; Lonalac,t 52 
Gm.; 1 egg and water to 500 
mi, 


L-Glutamine,§ 4 to 10 Gm. 0.77-1.9 6.76-16.9 
given in 250 ml. water 

L-Glutamiec acid,{ 10 Gm. given 0.76 0.11 
in 250 ml. water 


Urea, 0.0017-0.011-0.150 Gm, LV 0.0008-0.005-0.070 0.0011-0.0068-0.0945 
per minute given in water or per minute 
in 5 per cent glucose and wa 
ter 


per minute 


*The nitrogen contents of Lonalac, L-glutamine, L-glutamic acid, and urea were calcu- 
lated from data provided by the manufacturer Each egg was estimated to contain 6 Gm. of 
protein. 

‘A milk substitute restricted in sodium content and provided through the courtesy of 
Mead Johnson & Company, Evansville, Ind. 

tNumber of analyses 


§Furnished through the courtesy of Merck & Company, Inc., Rahway, N. J., and Gray 
Pharmaceutical Company, Inc., Newton, Mass. 


{Given as “Glutavene,” a sodium salt of L-glutamic acid, provided through the courtesy 
of Gray Pharmaceutical Company, Inc. 


Constant rate infusion. 
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not detected in arterial or antecubital venous blood. Such would be expected if the 
changes in blood from the superficial abdominal veins did represent those in portal blood 
to some extent. While the above observations do not prove conclusively that the super 
ficial abdominal veins selected carried measurable quantities of portal blood, they are at 
least consistent with such a hypothesis. Subsequently, in this communication superficial 
abdominal veins will be called portal collateral veins and superficial abdominal venous 
blood will be referred to as portal collateral blood. 

Data concerning the type, composition, quantity, route of administration, nitrogen 
content, and NH,N analysis of each nitrogenous substance employed are presented in 
Table III, 

A modification of the Conway technique was employ ed to determine ammonium nitro 
gen in the blood and in the nitrogenous substances administered.19 Duplicate or triplicate 
aliquots of blood were injected promptly into the Conway units, and diffusion times of 10 
or 16 and % minutes were employed. Results for blood and all nitrogenous solutions used 
were calculated as recommended for blood by Conway. The per cent recovery of volatile base 
from blood was estimated from the per cent ammonium recovered from an ammonium 
sulfate standard, A modification was introduced at Cleveland, i.e., grease was applied 
to the rim of the Conway dish rather than to the entire underside of the cover glass, The 
method as employed in Boston and Cleveland yielded comparable ranges of normal values 
and of reproducibility. 

Serum bilirubin, nonprotein nitrogen, and blood urea nitrogen concentrations were 
determined by standard techniques.2°-2 Bromsulphalein was determined colorimetrically 
in serum obtained 45 minutes after the injection of 5 mg. of dye per kilogram of body 


weight. 


NH 4-N— micrograms 











2 3 0 it 2 t 
PM AM NOON 
TIME 


Fig. 1 “Fasting” and “nonfasting” blood ammonium concentrations in cirrhosis: jugular 
vein (X); antecubital vein (Y); abdominal collateral vein (Z) 4, 20 Gm. protein meal pro- 
vides 3.2 Gm. nitrogen. 


RESULTS 


Effect of Fasting.—Large variations in NH,-N concentrations in blood 


drawn from different sites could oecur in nonfasting patients with cirrhosis 


J.A., Fig. 1). However, blood NH,-N concentrations were quite reproducible 
band , 4 
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in patients with cirrhosis who had not received foods or medications containing 
nitrogen for at least 12 hours prior to blood sampling (R. K., Fig. 1). Differ 
ences between concentrations in two samples of blood drawn at different times 
during a day from the same site in the same fasting patient ranged from 0 to 
23 pg per 100 ml. (mean, —-2; S.D., 48.1). The differences in patients without 
liver disease were comparable to those found in alert patients with cirrhosis 
(Table IT). 

Fluctuations in blood NH,-N concentrations with administration of a test 
nitrogenous substance were considered significant only if they exceeded the 


range of fluctuation observed for fasting patients (+23 png per 100 ml.). 
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60 

MINUTES AFTER FEEDING 
Fig. 2.—Blood ammonium changes with protein feeding before and after neomycin. The 
Symbols represent individual patients: B. B. (| ); R. K. (mm); J. McC. (0); J. A. (@); 
E. G. (A). The lines joining the symbols indicate the grams of protein nitrogen ingested 


solid line (8 Gm.) ; dotted line (4.8 Gm.); broken line (3.2 Gm.). The shaded area represents 
the range of blood NHi«-N concentration reproducibility (Table 11). 


Effect of Protein Ingestion.—Meals containing from 20 to 50 Gm. of protein 
were given to 5 patients on 8 occasions. Within an hour these meals consistently 
produced increased portal collateral blood NH,-N concentrations. Antecubital 
venous concentrations were not always similarly affected (Fig. 2). Thirty min- 
utes after ingesting a 50 Gm. protein meal, another patient (A. S., Table IV) 
had an increase in arterial blood NH,-N concentration of 57 pg (from 65 to 122 


pg) per 100 ml. without a significant change in antecubital venous blood NH,-N 
concentrations. 
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The oral administration of neomyein to 3 of the above 5 patients did not 
appreciably alter the increases in abdominal collateral blood NH,-N noted in re- 
sponse to protein feeding. However, neomycin did change the bacterial flora and 
NH,-N concentrations in aspirates of mixed gastric and duodenal juice obtained 
from 2 of these 5 patients (J. MeC. and J. A.). The flora changed from one 
consisting of mixed gram-positive and gram-negative bacteria to one of Monilia. 
Before neomycin administration, the NH,-N analyzed in samples of mixed 
gastric and duodenal juice obtained from one of these fasting patients (J. MeC.) 
on 5 separate mornings ranged from 7.1 to 14.7 mg. per 100 ml. with a mean of 
11.6 mg. per 100 ml. After neomycin (7 Gm. over a period of 17 hours) the 
NH,-N concentrations in two gastrie aspirates were 4.3 and 3.9 mg., respectively, 
per 100 ml. 
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60 
MINUTES OF UREA INFUSION 
Fig. 3 Blood ammonium changes during urea infusions before and after neomycin. 
The symbols represent individual patients: B. B. ( ); J. A. (@); E. E. (@). The lines 
joining the symbols indicate the grams of urea nitrogen given per mintte: solid line (0.0008 


Gm.); dotted line (0.005 Gm.); broken line (0.07 Gm.) The shaded area represents the 
range of blood NHy-N concentration reproducibility (Table II) 


Effect of Urea Infused Intravenously.—Constant rate intravenous infusions 
providing from 0.8 to 70 mg. of urea nitrogen per minute were given to 3 pa- 
tients on 4 occasions. Within 15 to 30 minutes, these infusions produeed sig- 
nificant rises in portal collateral and antecubital venous blood NI,-N concentra- 
tions in 3 out of 4 instances (Fig. 3). Infusion of 1 mg. urea nitrogen per 
minute to another patient (A.S., Table IV) resulted in an arterial blood NH,-N 
rise of 10 ng per 100 ml. within 30 minutes and in a significant rise of 57 ng per 
100 ml. above the control level within 60 minutes of the time the infusion was 
started. 

Prior administration of neomycin prevented significant increases in NH,-N 
concentration in blood obtained from both antecubital and portal collateral 
veins in the same 3 patients. The lack of a portal blood NH,-N response to in- 
fused urea probably was not attributable to a direct inhibitory effect of neomycin 
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on bacterial urease. Neomycin in concentrations up to 100 pg per milliliter did 
not inhibit the action of jack bean meal urease in vitro (Table V). 


BEFORE NEOMYCIN AFTER NEOMYCIN 


m4 


804 














NHg-N CHANGES— micrograms /i00 m!/ 


ANTECUBITAL VEIN 





60 
MINUTES AFTER FEEDING 
r Fig. 4 Blood ammonium changes with L-glutamine feeding before and after neomycin 
The symbols represent individual patients: B. B. ([ 9; J. A. (0); B. EB. (0); A. 1. (6) 
A. D. ( ). The lines joining the symbols indicate the grams of L-glutamine nitrogen 


ingested solid line, 0.77 Gm broken link, 1.9 (im. The shaded area represents the rang: 
of blood NHa-N concentration reproducibility (Table II) 


TABLE IV. BLoop NH,N Fouitowine ORAL GLUTAMINE, PROTEIN, AND INTRAVENOUS UREA 


BLOOD NH, N 
(pG./100 ML.) 

PATIENT SUBSTANCE SITE CONTROL | 20 MIN. | 30 MIN, | 60 MIN, 
A. 1. Glutamine Antecubital vein 48 92 
4.0 Gm., P.O. Artery 52 97 


Abdominal collateral vein 59 139 


141 


J.K. Glutamine Antecubital vein 1 
4.0 Gm., P.O. Artery ] 


” 
li 
Protein (casein Antecubital vein 

50 Gm., P.O. Artery 


Urea Antecubital vein 3: 10 
| mg. urea N 
per min. I.V.t Artery 7 63 
*Received 12 Gm. neomycin in preceding 18 hours 
finfusion continued for 60 minutes during which time values were obtained 


TABLE V. IN Virro Errect oF NEOMYCIN ON NH,-N PropuctTion By UREASE 


UREA-N UREASE NEOMYCIN NH,N PRODUCED (G/ML. ) 
MG | ( BG (pa) » NO, 
20 100 0 -F 17 
20) 100 100 S 18 
10 100 0 34. 32 
40) 100 100 35. 36. 
20 150 
20 150 
10 150 
10 150 


AVERAGE 
17.5 
17. 
33. 
36.. 
19. 
18, 
37. 


37.6 


i x 
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Effect of u-Glutamine Ingestion—Within an hour of the ingestion of 
L-glutamine (4 to 10 Gm.) 3 patients showed significant increases in portal col- 
lateral blood NH,-N concentrations in 3 out of 4 instances and in antecubital 
venous blood NH,-N concentration in one instance (Fig. 4). Patient A. I. 
(Table IV) with an inerease in portal collateral NH,-N concentration of 80 pg 
per 100 


3 peg per 


PS 


per 100 ml. had a simultaneous inerease in the arterial level of 45 yg 
ml. In addition, Patient J. K. (Table IV) sustained an increase of 3 
100 ml. in arterial blood NH,-N concentration 30 minutes after he ingested 4 
(im, of L-glutamine 

The only patient (B. B.) in whom a significant rise in portal collateral blood 
NH,-N was not noted had received 10 Gm. of L-glutamie acid orally one hour 
previous to the administration of L-glutamine. Later, when this patient was 
given L-glutamine without prior glutamic acid, a significant portal collateral 
NII,-N inerease oceurred. 

Increases in portal collateral blood NH,-N concentrations which followed 
the ingestion of L-glutamine occurred despite neomyein administration in 2 pa- 
tients (J. A. and B. B., Fi 


» 


4) previously tested without this antibiotie, and in 


2 additional patients (A. I. and E.E., Fig. 4). Inereases did not oeeur in 3 


of these neomycin-treated patients after urea was given intravenously (J. A. and 
Kk. EK.) or methionine was given orally (A. 1.) about one hour prior to glutamine 
administration. Thus, neomycin given orally prevented portal blood NH,-N 
increases which followed urea and methionine administration but did not pre 


vent those which resulted from the ingestion of glutamine. 


ANTECUBITAL ABDOMINAL COLLATERAL 
VEIN VEIN 


CHANGES— micrograms/i0o mi 





NH4a-N 








60 0 
MINUTES AFTER FEEDING 


Fig. 5.—Blood ammonium changes with L-glutamic acid feeding. The symbols represent 
individual patients B. B. CI ); A. D. ( (HB); A. H. (lg). The quantity of L-glutamic 
acid nitrogen ingested was 0.76 Gm The shaded area represents the range of blood NH«-N 
reproducibility (Table II). 


Effect of u-Glutamic Acid Ingestion—Ten grams of L-glutamic acid, given 
orally as sodium glutamate, produced either no change or decreases in portal 
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collateral and antecubital venous blood NH,-N concentrations in 3 patients on 
4 occasions (Fig. 5). The effect of this amino acid was not studied after the 
administration of neomycin. 


Effect of Ammonium Salt Ingestion——The maximum amount of volatile 
base found by analysis in any of the above nitrogenous substances administered 
orally was equivalent to approximately 17 mg. of NH,-N (Table III). Aceord 
ingly, quantities of ammonium salts containing more than this amount of nitro 
gen were administered orally to 3 of the patients studied. Significant rises in 
portal collateral or antecubital venous blood NH,-N concentrations did not oceur 
when 20 to 25 mg. of NH,-N was given orally to 3 patients on 4 occasions. Sig- 
nificant rises were noted in portal collateral but not in antecubital venous blood 
NH,-N concentrations when 50 mg. of NI,-N was given to one and when 60 or 
370 mg. was given to another of these patients (Table VI). 


TABLE VI. THe Errect or INGESTED AMMONIUM SALTS* ON BLOOD NH,-N CONCENTRATIONS 


BLOOD NH,N CONCENTRATION (4G PER 100 ML.) 
ANTECUBITAL VEIN ABDOMINAL COLLATERAL VEIN 
( MINUTES ) (MINUTES 
PATIENT SALT 15 30 45 60 15 
y NH,Cl 5 50 4¢ 49 
NH, Citrate 5s 52 50 50 
NH, Citrate 


NH,Cl 
NH,Cl 
NH,Cl 
NH,Cl 


*Given in 240 ml. of water. 


30 5 60 

60 60 60 

138 170 130 101 
133 

110 106 102 


105 117 104 


81 


DISCUSSION 

Although the studies of Folin and Denis* indicate that the large intestine is 
the chief and most constant source of portal blood ammonia in animals, the time 
interval in which increases in the portal collateral blood NH,-N concentration 
were noted in the patients with chronic hepatie disease reported here suggests 
that the upper gastrointestinal tract may be an important site of ammonium 
absorption shortly after protein ingestion in man (Fig. 2). Subsequent studies 
were directed toward elucidating some of the factors responsible for the prompt 
increases in portal collateral blood NH,-N concentration occurring after protein 
ingestion. 

In animals, bacterial urease is responsible for ammonium production from 
urea which has entered the gastrointestinal tract from circulating blood.“ The 
experiments of Dintzis and Hastings in mice showed that intestinal ammonium 
production from urea was largely abolished by the administration of mixed peni- 


cillin, sulfaguanidine, and oxytetracyeline. These investigators concluded that 


the antibiotic mixture eliminated urease activity predominantly by effecting a 
reduction in bacterial population. 


Neither the antibiotic mixture, a homogenate 
of gastrointestinal tissues from antibiotie-fed mice, nor a fecal homogenate from 
an antibiotic-fed mouse was found to inhibit the activity of urease. 
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The inereased portal collateral and arterial blood NH,-N concentrations 
noted during intravenous infusions of urea probably resulted from a breakdown 
of circulating blood urea in the gastrointestinal tracts of the patients with 
chronie hepatie disease. The breakdown appeared dependent on gastrointestinal 
bacterial action because increased portal collateral blood NH ,-N concentrations 
were not observed during urea infusions given the same patients who had been 
previously treated with neomycin. Neomycin sulfate, selected because it is 
baeteriocidal and poorly absorbed from the gastrointestinal tract,** altered the 
gastric flora and caused decreased NH,-N concentrations of mixed gastrie and 
duodenal juice in patients with chronic hepatie disease, but did not inhibit the 
action of jack bean meal urease in vitro. 

It appeared unlikely that urea produced from ingested protein, and sub- 
sequently broken down in the gut, was solely responsible for the portal collateral 
blood NH,-N inereases which took place after protein ingestion because these in 
creases, unlike those occurring during urea infusions, were not modified ap- 
preciably in patients treated with neomycin. Increases in abdominal collateral 
blood NH,-N concentrations following the ingestion of glutamine likewise were 
not significantly modified by the prior oral administration of neomycin sulfate 
in patients in whom this antibiotic had modified the prompt response to intra 
venous urea or oral methionine (Fig. 4 Thus, protein and one of its constitu- 
ents, glutamine, produced prompt portal collateral blood NH,-N inereases which 
were probably independent of bacterial action. The amide rather than the 
amino nitrogen of glutamine seemed responsible for these inereases because 
glutamie acid, which is similar to glutamine except that it lacks an amide nitro- 
gen, did not produce rises in portal collateral blood NH,-N concentrations 
(Fig. 5). The fact that the amide-nitrogen of glutamide and of y-glutamine 
peptides is easily hydrolyzed**-** supports the above hypothesis. 

The results obtained with glutamine must be applied with caution to pro- 
tein for several reasons. First, glutamine was not administered with other amino 
acids which result from protein hydrolysis. Some of these other amino acids 
possibly might modify its effect on portal blood NH,-N concentrations. Second, 
the amount of glutamine administered (4 to 10 Gm.) may have exceeded that 
present in the quantities of protein given (20 to 50 Gm.). From available data 
it is difficult to determine the glutamine content of proteins because, after its 
amide group is hydrolyzed, glutamine is analyzed as glutamie acid. It is not 
known whether or not a smaller quantity of glutamine than given here would 
have produced a portal blood NH,-N increase. Third, the similarity of the 
blood NH,-N responses to glutamine and protein does not mean that glutamine 
is the only protein constituent which might produce a portal blood NH,-N in- 
crease independently of bacterial action. In this regard, and contrary to pre- 


viously reported results,?*** methionine given orally may produce a portal blood 


NH,-N increase which is largely abolished by prior administration of neomyein."* 


The role of other amino acids and protein constituents in gastrointestinal NH,-N 
production in man remains to be evaluated. 

The possibility was considered that free NH,-N contained in protein or 
glutamine could account for the blood NH,-N increases obtained with these orally 
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administered substances. However, ingestion of ammonium salts containing 
more NH,-N (20 to 25 mg.) than found by analysis of protein and glutamine 
produced little effect on portal collateral blood NII,-N coneentrations (Table 
IV). Urea given intravenously did not produce increases in blood NH,-N econ- 
centrations in patients treated with neomycin. This indicates that the increases 
noted with urea given prior to neomycin administration could not be attributed 
to free NH,-N contained in this compound (Fig. 3). 

Twenty to twenty-five milligrams of NH,-N administered orally as an am- 
monium salt failed to produce increases in portal collateral blood NH,-N con- 
centration whereas similar quantities of nitrogen given as urea intravenously 
did result in significant increases. This apparent inconsistency is unexplained. 

Investigating the sources of ammonium derived from ingested protein may 
have application in the treatment of the hepatic coma syndrome. Results of 
this study only suggest that ammonium production from glutamine is a potential 
cause of protein-induced hepatic coma. Protein usually must be fed over longer 
periods than covered by these observations in order to induce the syndrome of 
impending hepatic coma in susceptible patients. Furthermore, antecubital 
venous blood NH,-N concentrations usually did not inerease with single doses 
of protein or glutamine to levels often observed in impending hepatie coma. 
Ilowever, determinations of arterial blood NH,-N concentrations after admin 
istration of both these substances to 2 patients with severe hepatic disease did 
yield some concentrations in the ‘‘coma range.’ 

That ammonium production by gastrointestinal bacteria may be important 
in the genesis and outcome of hepatie coma is suggested by the favorable clinical 
results obtained with neomyein.*' The observation that neomycin orally caused 
a decrease in gastrointestinal ammonium production from urea given intra- 
venously provides further rationale for its therapeutic use in this condition 
(Fig. 3). The use of neomycin might be particularly applicable in the manage- 
ment of patients with hepatic coma complicated by azotemia, since alert patients 
with cirrhosis and azotemia may display unusually elevated fasting arterial 
blood NH,-N levels.** However, the failure of neomycin to eradicate the portal 
collateral blood NH,-N inereases occurring shortly after protein ingestion (Fig. 
2) suggests that treatment with this antibiotic should not replace an appropriate 
degree of protein restriction in the regimen for the management of patients with 
hepatic coma. 

SUMMARY 


The effect of administering several nitrogenous substances upon concentra- 
tions of ammonium in superficial abdominal (portal collateral) venous blood 
was studied in patients with chronic hepatic disease. To evaluate the influence 
of bacteria on ammonium production in the gastrointestinal tract, some of the 


patients were similarly studied after neomycin sulfate was given orally. 


Prompt inereases in portal collateral blood ammonium nitrogen coneentra- 
tions followed the administration of 20 to 50 Gm. of protein orally, of 4 to 10 
Gm. of glutamine orally, of 0.8 to 70 mg. of urea nitrogen per minute intra- 
venously, and of 50 mg. or more of ammonium salt nitrogen orally. Similar 
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increases did not result from the ingestion of 10 Gm. of L-glutamie acid or 25 mg. 
or less of nitrogen given orally as an ammonium salt. The quantity of am- 
monium nitrogen found by analysis of the protein, glutamine, and urea em 
ployed in these studies was not great enough to explain the increases in portal 
collateral blood ammonium nitrogen concentrations resulting from the admin- 
istration of these substances. 

Portal collateral blood NH,-N increases that oceurred during intravenous 
infusions of urea were depressed by oral neomycin sulfate, probably indicating 
that the infused urea entered the gastrointestinal tract and that ammonium 
production from this urea was dependent upon the action of gastrointestinal 
bacteria. Protein and glutamine were similar in that the prompt portal blood 
ammonium nitrogen increases noted shortly following their oral administration 
were not affected significantly by oral neomycin and, therefore, apparently 
were not dependent on bacterial action 


The data suggest that ammonium (or a related substance) is absorbed from 


the upper gastrointestinal tract shortly following the ingestion of protein and 


of a protein constituent, L-glutamine. Amide rather than amino nitrogen was 
probably responsible for the increases in concentration of ammonium nitrogen 
in portal collateral blood resulting from the ingestion of glutamine, because 


glutamic acid given orally did not produce this effect 


We are grateful to Miss Alice N. Ballou and Mrs. Helen Grodeck for technical as 
sistance and to Miss Evelyn Antoneras and Mrs. Alice H. Webster for preparing and caleu 
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We also wish to thank Dr. Norman P. Shumway for the opportunity to study a patient 


the medical service at the Crile Veterans Administration Hospital in Cleveland, Ohio. 
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A SIMPLE NEW METHOD FOR ESTIMATING CARDIAC OUTPUT 
W. D. Love, M.D., ann G. E. Burcu, M.D. 


New ORLEANS, La. 


LTHOUGH. reliable techniques are available for measuring cardiac out- 
A put in man, they are too complex for widespread clinical use. While study 
ing the relation of blood flow and Rb** uptake in the tissues of. dogs, it was 
found that the eardiae output could be estimated by merely measuring the Rb* 
concentration reached in the arterial plasma during a standard intravenous in 
fusion of isotope. An infusion pump and counting equipment are the only 
necessary apparatus. It should be possible to determine cardiae output by this 
method in man by obtaining a single specimen of arterial blood after admin 


istering less than 10 ne of Rb** over a 5-minute period 


MATERIALS AND METHODS 


Multiple venous catheters were placed i n rrel dogs (S to 17 
esthetized with pentobarbital, In all animal t bse njected at the san 
decreasing rate! for 6 to 24 minutes through a cardiac catheter in the pulme 
Specimens of mixed venous blood were obtained from the pulmonary artery proxims 
the site of injection of Rb**6, Cardiac output was measured using the Fick princip 
making calculations from the total amount of Rb*¢ taken up in the tissues perfused by 
the systemic circulation and the mean arteriovenous difference in plasma Rb*’¢ concentra 
tion. Thus, 

iptake 
cardiac output mean arteriovens 


where: RbS¢ uptake Rb*¢ injected 


If it is assumed that the blood is one-fourth arterial and three-fourths venous. and 


totals 10 per cent of the body weight,? then at the end of the infusion of isotope: 


Rb*¢ in blood 0.1 Kg. body wt. (0.25 Rb8¢ ¢.p.m./ml. arterial blood 


0.75 Rbs8¢ ¢.p.m./ml. mixed venous blood 


> 


All lung tissue was digested in HNO, for determination of Rb*® content 

In 5 additional dogs cardiac output was measured by the dye dilution principle of 
Stewart and Hamilton‘t. 5 employing T-1824. These determinations were made during the 
last minute of measurement of cardiac output by Rb*¢ infusion 

The catheters were also placed in the superior vena cava, the inferior vena eava 
above the liver, an hepatic vein, a renal vein, and the inferior vena cava distal to the 
kidneys. Several blood specimens were obtained from each vein during the infusion of 
Rbs6. The total Rbs’¢ content of each lung, the heart, the kidneys, and the organs of the 
portal bed (liver, stomach, intestines, spleen, and pancreas) was determined by digestion 
of the tissue, 
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One of the dogs was studied with an open chest employing a respirator. In 4 ad 
ditional animals cardiae output determinations only were carried out. These dogs were 
bled 200 ml, prior to study and received l-norepinephrine by infusion as a part of a si 
multaneous study of coronary blood flow. 

The total blood flow to the portal bed and the kidneys was obtained from their Rb* 
content and the mean arteriovenous Rb*¢ difference during the infusion. It has been 
found previously that the brain takes up only 0.1 to 0.2 per cent of injected Rb*¢ up to 
30 minutes after the start of the infusion’; therefore, the Rb*’6 content of the brain was 
disregarded in making calculations. It was assumed that the heart extracted 70 per cent 
of the isotope in coronary plasma.t The Rb*¢ content of the remainder of the body was 
obtained by difference. The blood obtained from the inferior vena cava below the kidney 
was assumed to be representative venous sample for this tissue, composed chiefly of 
musele, skin, and bone. To calculate the extraction of Rb’¢ by the lungs, the blood flow 


to each lung was assumed to be one-half of the total cardiac output. 
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Radioactivity of plasma from several sites during an intravenous infusion of 
RESULTS AND COMMENT 


Illustrative data for one dog are shown in Fig. 1. 


Cardiac Output—The mean Rb** concentration in the arterial plasma of 


each dog, when corrected for variation in the amount of Rb** injected, was 
closely correlated with the calculated cardiae output. For convenience the radio- 
activity of arterial plasma in relation to the amount of Rb** injected was plotted 
as a ratio (Fig. 2). The ordinate and abscissa of Fig. 2 correlate with an r of 
+0.97. Therefore, the calculated cardiae output could be predicted with a mean 
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error of less than 10 per cent from the plasma concentration of Rb**, which ean 
be readily measured in man. From the intersection of the regression line with 
the x axis in Fig. 2, the arterial plasma volume can be caleulated. A value of 
1.7 per cent of the body weight was obtained, which is a reasonable result. 

The possibility that the correlation of caleulated cardiae output and 
plasma Rb*® concentration might be ‘‘spurious’’® was considered, because the 
values for body weight and Rb* concentration of the plasma and the injectant 
entered in a similar relationship into the caleulation of both the ordinate and 
abscissa. Fig. 3 shows that the eardiae output predicted from the Rb* con 
centration of the plasma agreed very closely with the value obtained by the 
entirely separate dye technique. Since cardiae output and plasma _ radio- 
activity changed significantly during the period of Rb*® infusion in one of the 
animals, separate estimates of output were made in each dog using the mean 
plasma Rb** concentration and the concentration present immediately before 
the dye injection. Errors in the measurement of Rb** concentration of the 
plasma and the injectant affected the corrected plasma Rb** concentration and 
the cardiae output value obtained from complete Rb*® data in the same direction. 
Therefore, the total error in estimating true eardiae output from plasma Rb* 
concentration was the error in predicting the value which would be obtained 
from ealeulation of eardiae output from complete Rb** data, plus the amount 
by which this ealeulation failed to measure ecardiae output accurately. The 
latter error is not directly measurable. Except for the error in estimation of 
blood volume, the errors of the Rb** method for measuring cardiae output are 
the same as those of the standard direct Fick procedure employing right heart 
catheterization. Approximately 10 per cent of the Rb** injected remained in 
the blood at the end of the infusion, so that relatively little error in the de 
termination of cardiae output would result from large errors in estimation of 
blood volume. 


Distribution of Plasma Flow.—If blood flow was shunted from an area 
which extracted most of the Rb** in plasma to one which removed but little, 
there would be a rise in systemic plasma Rb** concentration, even though total 
cardiac output did not change. Therefore, it was of interest to estimate the 
variations in rate of flow to various areas by the methods indicated above, and 
to measure the regional differences in the degree of extraction of Rb**. The 
variations noted in the partition of blood flow are indicated in Fig. 4, and the 
range of the per cent of Rb*® extracted is shown in Fig. 5. In the lungs, Rb* 
extraction varied from 3 to 10 per cent and averaged 7 per cent. Despite the 
differences in partition of plasma flow and in Rb** extraction, which were partly 
related to the magnitude of cardiac output, the range of variation in the extrac 
tion of Rb**® by the systemic circulation was very narrow compared to the dif- 


ferences in cardiae output (Fig. 5). These data establish that shunting of blood 


flow could cause error in the estimation of cardiae output from Rb* uptake, 


but there was little error of this type in these dogs, despite a wide range of 
eardiae output (Fig. 2). 
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Fig. 2 Relation of cardiac output calculated from Rb™ uptake and the radioactivity of 
arterial plasma during intravenous infusion of isotope in dogs. Plasma radioactivity is shown 
is a ratio with the amount of Rb™ injected. 
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Fig. 3 Relation of cardiac output obtained by the dye dilution techniqué to that pre- 
dicted from the mean plasma Rb concentration and the plasma Rb” concentration 
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Fig. 5.—Mean plasma flow and Rb* extraction in several areas in dogs 
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Results in Man.—A group of patients who were given standard intravenous 

infusions of Rb*® have been previously reported.’ Applying the values from the 

regression line in Fig. 2 to these subjects resulted in a mean value for cardiac 

output of 2.53 L./M.*/min. in 16 patients without heart disease and 1.52 

L./M.*/min. in 7 subjects with angina pectoris. Intermediate values were ob 
tained in those with other forms of heart disease. 


DISCUSSION 


Cardiae output in this group of dogs approximated the normal levels in man, 
but was lower than that in most other series. *'’ This was probably largel) 
caused by a long period under pentobarbital anesthesia in the supine position 
and, in some cases, to significant blood loss and operative trauma. The results of 
calculations of cardiae output in man from constants derived from studies in 
dogs indicate only that reasonable values are obtained. The relationship of 
plasma Rb** concentration and eardiae output in normal man and patients with 
a variety of diseases must be determined before the Rb** infusion method ean be 
established as a reliable method for clinical use. Blood flowing to the brain or 
through arteriovenous fistulas would not be measured. It is interesting to specu 
late that shunting of blood flow to the brain may be in part responsible for high 
plasma Rb** concentrations in patients with angina pectoris. It is not yet known 
whether a plasma specimen from a peripheral vein can be substituted for an ar 
terial specimen. Nor have manual methods of injecting the isotope been tested. 

In addition to ease of performance and the small amount of equipment 
necessary, this method has the advantage that changes in cardiae output oc 
curring during a continuing infusion of Rb**® could be detected from the re 


sulting change in plasma radioactivity. The blood flow to any tissue in experi 


mental animals ean be determined from its Rb** uptake, if representative venous 
samples can be obtained. Although Rb** is a convenient isotope, it is likely 
that some other isotopes would also be suitable. It is possible that a chemical 
substance which is readily measured might be substituted for the tracer. 


SUMMARY 


1. Fourteen dogs received standard intravenous infusions containing Rb** 
while serial blood specimens were taken from an artery and multiple veins. 
Cardiae output was calculated from the amount of isotope taken up by the tis- 
sues and the arteriovenous difference in plasma radioactivity. 

2. Cardiae output could be predicted with a mean relative error of less than 
10 per cent from the Rb** concentration which was reached in the arterial plasma 
during the infusion. 

3. It was possible to measure the average plasma flow to any organ or tissue 
except the brain by obtaining a representative venous specimen and measuring 
its total Rb** content at sacrifice. 

4. Although the extraction of isotope and the partition of blood flow varied 
in each tissue and animal, there was only a small difference in the over-all ex- 
traction of Rb** by the circulation as a whole, despite a large range of cardiac 
output. 
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®. The relationship between plasma Rb** concentration and cardiae output 


in dogs was applied to the data from a group of human subjects given infusions 
of isotope previously. The mean value for cardiae output obtained 1 


n patients 
without heart disease was 2.53 L./M.?/min. 


6. Since this method is simple and requires but little apparatus, its further 
ealibration in man is indicated. 
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INTERRELATIONSHIP BETWEEN SERUM CALCIUM LEVELS: 
CALCIUM® AND STRONTIUM® METABOLISM IN MAN 


GIANFRANCO Mazzuoul, M.D.,.* JosepH SAMACHSON, PH.D., AND 
DANIEL Laszio, M.D. 
New York, N. Y. 
her omes requirements of the human body vary considerably in various 


physiologic states such as growth, pregnancy, lactation,’ aging,? and in 
pathologie conditions of the skeleton.’ Sinee the dietary calcium intake fluetu- 
ates greatly even in the same subject and varies widely in different persons, the 
problem arises whether a mechanism exists which regulates the intestinal absorp- 
tion of ealeium to meet the different requirements of the human body and 
thereby maintains calcium homeostasis. 

The intestinal absorption of calcium was investigated up to the recent past 
by metabolic balances of normals and of patients with disturbances of caleium 
metabolism.* Indications were obtained that intestinal absorption of dietary 
ealeium varies in different subjects and seems to depend on the body’s needs." 
In recent communications from this laboratory a technique was described em- 
ploying Ca*® which permits the measurements of the utilization of dietary 
caleium, of the endogenous feeal calcium, and the estimation of digestive juice 
calcium in man. This technique permits the separation of the fraction of stool 
ealeium which is of endogenous origin from the dietary caleium which passes 
unabsorbed through the intestinal canal.’ Indications were obtained that the 
regulation of absorption of dietary caleium plays a major role in the maintenance 
of caleium homeostasis.'° 

The metabolism of strontium in man beeame of considerable interest in 
recent years since Sr* is one of the important fall-out products of nuclear 
fission. It was assumed that strontium follows the metabolie pathway of caleium 
in the human body. The metabolism of radiostrontium was studied in man in 
this laboratory for the past 3 vears and significant differences were noted in the 
metabolism of calcium and strontium: the intestinal absorption of strontium is 
less efficient than that of ealeium and significantly more of the absorbed 
strontium than of the absorbed calcium is exereted through the kidneys." 

It became of interest to investigate whether acute changes of the level of 
serum calcium influence the absorption and renal elimination of ecaleium and 
strontium. This communication deals with data obtained in two patients who 
received tracer doses of Ca*® and Sr* orally during normoealeemic, hypo-, and 


hyperealeemie states. 
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CALCIUM AND STRONTIUM METABOLISM IN MAN 


MATERIALS AND METHODS 


Three studies were performed in each of two patients who received a constant low 
calcium diet on the metabolic research ward 

Subject 1 was a 59-year-old white semiambulatory woman in whom the diagnosis of 
multiple myeloma was established 10 months prior to the study. The patient was in good 
general condition and received 50 mg. of mytatrienediol (weak estrogen intramuscularly 
per day. She had no anemia or albuminuria and the renal functions were normal. Serum 


calcium was 10.6 mg. per cent, serum inorganic phosphorus 3.0 mg 


fr. 


per cent, and the 
alkaline phosphatase was 1.7 Bodansky units. Total serum proteins were 8.1 Gm. per cent, 
albumin 3.2 Gm. per cent, and globulin 4.9 Gm. per cent Electrophoretic analysis of the 
serum revealed that the y-globulin fraction was 30.5 per cent of the total protein. 

Subject 2 was a 63-year-old ambulatory white woman in whom the diagnosis of 
osteoporosis was made 9 years prior to the study At that time she received a short cours« 
of hormone therapy and was not treated thereafter. The patient was in very good physical 
condition, Serum calcium was 10.3 mg. per cent, inorganic phosphorus 3.8 mg. per 
and alkaline phosphatase 4.4 Bodansky units 

A solution of caleium‘5 and strontium*®5 containing 25 mg. Ca++ carrier was administered 
as the chloride orally with breakfast on the first day of each study. In the control study, 
an infusion of 500 ml. of normal saline was started 30 minutes prior to the administration 
of these tracers and was continued at a constant rate for exactly 6 hours In the second 
study, 6 Gm. ethylenediaminetetraacetic acid (Na-EDTA having a binding capacity of 
648 mg. Ca was infused in saline over a 6-hour period in order to depress the level of 
ionized serum calcium. In the third study, 69 ml. ecaleium gluconate containing 648 mg. Ca 
was added to the saline infusion in order to raise the serum calcium level. The duration of 
the studies ranged for 13 to 19 days and the total duration was 64 and 41 days for the 
two patients, respectively 

CatS of high specific activity and ecarrier-free Sr85 were used as tracers. The dose 
of radioactivity was so selected as to permit accurate counting of the biologic samples for 
a period of approximately 2 weeks with the equipment available in this laboratory. For 
the evaluation of the subsequent doses, appropriate corrections were made for the radio 
activity attributable to the preceding doses, 

Blood samples were drawn at 1, 3, 5, 14, and 24 hours after the administration of the 
tracers. Thereafter, daily blood samples were obtained in the postabsorptive state during 
the first week and subsequently 3 times weekly in each study. Urine was collected through an 
indwelling catheter on the first day of each study, the bladder being rinsed with saline at 
the completion of the urine collections obtained at 2, 4, 6, and 24 hours following the 
administration of the tracers. On subsequent days, the 24-hour urine output was collected. 
Stool specimens were collected daily. Calcium, Sr85, and Ca‘t5 were determined on each 
specimen, 

Ca‘5 was determined on unashed samples of serum and urine and on acid-ashed samples 
of stool after oxalate precipitation. The radioactivity was measured in a Q-gas Geiger 
Muller counter. Srs85 of plasma and urine was measured in a Nuclear scintillation well 
counter, Since the Sr85 radioactivity of the stool specimens was high for several days 
after the ingestion of the tracer, these samples were counted in a bismuth cathode gamma 
counter; thereafter, stool aliquots weighing up to 5 Gm. were counted in the scintillation 
counter. 

The details of the radiochemical techniques were previously described.1°, 1 The 
statistical counting error varied; however, in the initial phases of the experiment sufficient 
counts were taken to keep the probable error within 2 per cent. In the later phases, counting 
rates were lower, and it was not feasible to maintain this precision, so that counting errors 
as high as 5 per cent were incurred. Standards were prepared for each patient at the time 
of administration of the isotope by delivering the same dose into a volumetric flask; 


appropriate dilutions were then prepared for counting. The standards were counted along 


with each set of experimental samples, thereby correcting for the decay of the isotope. 
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CALCIUM AND STRONTIUM METABOLISM IN MAN 


Balances of nitrogen, calcium, and phosphorus were measured by analyses of aliquots 
of 6-day pools of the diet and excreta during the entire period of study. The body weight, 
fluid balances, urinary creatinine, calcium, and phosphorus were determined daily. 

The urinary calcium was determined by the method of Shohl and Pedley,12 the 
serum caleium by the Clark and Collip modification of Kramer and Tisdall’s method.13 
Dietary and fecal calcium were determined in acid-ashed aliquots using the Clark and 
Collop technique. The inorganic phosphorus content of serum, urine, and alkaline ash 
of stool was measured by the method of Fiske and SubbaRow!*‘; stool nitrogen was de 


termined by the Kjeldahl method. 
RESULTS 
I. Control St udy. 


Vetabolic balances: The average values are listed in Table I. The ealeium 


balances of both patients receiving a low-calecium intake were normal. 
TABLE I, METABOLIC BALANCES 


DURATION 
TYPE OF OF STUDY CALCIUM MG./24 HOURS 


SUBJECT STUDY DAYS INTAKE URINE STOOI BALANCE 
l Control 18 153 84 132 63 
Na-EDTA 19 134 78 114 58 
Ca-gluconate 14 145 79 145 79 
Control 14 180 82 171 73 
Na-EDTA 14 197 119 18] 103 
Ca-gluconate : 165 99 178 112 


Calcium*® study: The plasma Ca* levels rose gradually, reached a peak 
of 4.2 and 4.5 per cent, respectively, at the third hour and deelined thereafter 
with time. The daily Ca*® excretions are listed in Tables II and III; the rates 
of urinary Ca* excretions in the first 60 hours of each study are graphed in 
Figs. | and 2. The stool collections of Subjects 1 and 2 contained 50.85 and 
63.92 per cent of the administered dose, respectively, in 13 days following the 
administration of the tracer. The unabsorbed fraction of the dose was estimated 
by subtracting the endogenous feeal calcium excreted during this period of time 
from the total stool radioactivity; the absorbed dose of Ca*® was 57 per cent for 
Subject 1 and 42 per cent for Subject 2. The cumulative urinary Ca* exeretion 
in 13 days was 7.27 per cent in Subject 1 and 6.11 per cent in Subject 2, eor- 


responding to approximately 15 per cent of the absorbed Ca“. 


Strontium® study: Tables II and IIT show that the stools of the patients 


contained 76.55 and 87.01 per cent of the dose in 13 days. It was estimated 


that 27 per cent of the dose was absorbed by Subject 1 and 15 per cent by 
Subject 2. The urinary Sr** exeretion was 11.10 and 6.85 per cent of the ad- 
ministered dose, or approximately 45 per cent of the absorbed dose. 

Comparison of Ca*® and Sr** metabolism: The absorption of radiostrontium 
was significantly lower and the urinary exeretion of the absorbed strontium 
significantly higher than that of calcium in both patients. This latter observa- 
tion is illustrated by the Ca**/Sr*® clearance depicted in Fig. 3. The ratio of 
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Ca*® in stool to that in plasma was initially much higher, due to the pres- 
ence of the unabsorbed traces in the stool specimens. Thereafter, these ratios 
were parallel to each other, the fecal values being slightly above those of the 
plasma. This is illustrated by the control study of Subject 1 in Fig. 4. 
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IT. Na-EDTA Study.—The urinary calcium excretion rose markedly in both 
patients on the days of the Na-EDTA infusions, 510 and 596 mg. per day, 
respectively. The excess urinary calcium attributable to the administration of 
the chelating agent was caleulated: 411 mg. for Subject 1, 509 mg. for Subject 
2, corresponding to 63 and 78 per cent of the calcium binding power of the dose 
of Na-EDTA, respectively. The serum calcium of the first patient gradually 
decreased from 10.2 to 7.3 mg. per cent at the end of 6 hours of Na-EDTA 
infusion. In the second patient, serial determinations of serum calcium could 
not be performed. However, the serum calcium prior to the infusion of Na 
EDTA was 10.1 mg. per cent, and 3 hours later it was 9.0 mg. per cent. 
Metabolic balances: No significant changes of the calcium metabolism were 


noted (Table I 


Calcium study: The plasma Ca* levels were slightly lower during the 
first days of Na-EDTA study than in the control period. The cumulative fecal 
Ca*® exeretion was similar to that in the control study, 50.07 versus 50.85 per 
cent in Subject 1 and 66.61 versus 63.92 per cent in Subject 2. The rates of 
urinary Ca* excretion of both patients increased greatly during the Na-EDTA 
infusion. They were approximately 20 times that of the control value at the 
end of 6 hours (Figs. 1 and 2). The 24-hour urinary Ca*® exeretion of the 2 
patients was approximately 6 and 7 times higher on the day of administration 
of Na-EDTA than in the control study. After the discontinuation of Na-EDTA 
the rate of Ca*® exeretion decreased toward base-line levels 

Strontium® study: No significant changes of plasma Sr* levels occurred 
during or subsequent to the Na-EDTA infusions. The 13-day cumulative feeal 
Sr’ exeretion of Subject 1 was slightly hieher than in the control study while 
it remained unchanged in the second patient: 84.30 versus 76.55 per cent and 
87.88 versus 87.01 per cent. On the day of the Na-EDTA infusions a sig 
nificant depression of the rate of urinary Sr*® excretion oceurred which was 
followed by a compensatory rise to levels higher than the control exeretions 
(Figs. 1 and 2). Therefore, the cumulative urinary Sr* exeretion was similar 
in the Na-EDTA and control study. 

Comparison of Ca** and Sr** metabolism: Profound alterations of the rate 
of urinary Sr*® and Ca* exeretions occurred during the administration of 
Na-EDTA. While the former was depressed to about one-sixth of the control 


level, the latter inereased twenty fold. This relationship is illustrated by the 
ratio of Ca**/Sr* clearance (Fig. 3) which rises rapidly and reaches a peak 
at the completion of the Na-EDTA infusion. Shortly thereafter a precipitous 
drop of this ratio toward control levels was noted. 


III. Calcium Gluconate Study.—The urinary ecaleium excretion increased 
on the day of the ealeium infusion in both patients. This increment corresponded 
to an excretion of 56 per cent of the infused calcium. The serum calcium rose 
gradually and was 12.7 mg. per cent at the end of the 6-hour infusion in Sub 
ject 1 and was 14.3 mg. per cent after 4 hours of caleium infusion in Subject 2. 

Metabolic balances: No significant changes of the ecaleium balances were 
noted (Table I). 
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Calcium study: The 13-day cumulative feeal Ca*® exeretion of Subject 1 
was slightly lower than in the control study, 44.95 versus 50.85 per cent, and 
remained essentially unchanged in Subject 2, 64.91 versus 63.92 per cent. The 
urinary Ca** excretion was markedly elevated on the day of the calcium infusion 
in both patients; in Subject 2 control levels returned gradually while, in Sub 
ject 1, Ca* exeretion promptly reached base-line levels on the day after the 
ealeium infusion (Tables II and IIT). The cumulative Ca* exeretion in 13 
days was approximately twice as high as the control exeretion in both patients. 

Strontium® study: The 13-day cumulative feeal Sr* exeretion was slightl) 
higher in both patients as compared to the control study, namely, 81.07 versus 
76.55 per cent and 90.43 versus 87.07 per cent. A. marked rise of urinary Sr* 
excretion was noted on the days of the calcium gluconate infusion. The eumula 
tive urinary Sr* exeretions reflected this increase: 18.45 versus 11.10 per cent 
and 9.37 versus 6.85 per cent in the two patients, respectively. 

Comparison of Ca*® and Sr** metabolism: Although the urinary excretions 
of both isotopes Ca*® and Sr*° inereased, Ca*® was preferentially cleared through 
the kidneys when stable caleium was infused (Fig. 3). 


DISCUSSION 

Regulation of ealeium absorption from the intestinal canal in man to 
meet different physiologic and pathologie requirements and to balance the 
fluctuations of dietary calcium intake is one of the key problems of caleium 
metabolism. Several studies indicate that such an adaptive mechanism exists. 
The literature on this topic has been reviewed by Nicolaysen and associates.® 
The metabolic balance technique was employed in the study of this problem in 
subjects maintained on two or more calcium intake levels. The utilization of 
dietary calcium was estimated by relating improvements of calcium balances 
to the changes of the ealeium intake. In a recent report from this laboratory 
data on the utilization of dietary calcium of two patients receiving 3 intake 
levels of calcium were presented. It was noted that endogenous fecal caleium 
measured by the radiocaleium technique did not inerease significantly when 
the calcium intake was raised approximately tenfold.'® It was concluded from 
these studies that the regulation of ecaleium absorption may play a major role 
in maintaining caleium homeostasis.* 

It is generally assumed that the absorption of food calcium takes place in 
the uppermost segment of the gastrointestinal canal mainly in the duodenum 
and jejunum. Following the oral administration of Ca‘, radioactivity ean be 
detected rather promptly in plasma, the maximum activity usually being reached 
3 or 4 hours after the ingestion of the tracers. The experimental design of the 
study here reported was such that the plasma calcium levels were lowered or 
raised during 6 hours of the absorption of these tracers. It was hoped that 
major changes of intestinal absorption of caleium and of the tracers could be 
demonstrated during this stress. However, the feeal Ca*® and Sr*® excretions 
failed to show significant differences in the experimental studies, in spite of the 


fact that the calcium metabolism of the patients was definitely influenced by 





CALCIUM AND STRONTIUM METABOLISM IN MAN 531 


the chelating agent and by the ealeium infusions. These results indicate that 
acute changes of plasma calcium levels do not affect the intestinal absorption 
of caleium. 

The effects of hypo or hyperealcemia upon the metabolism of the absorbed 
fraction of the tracers were demonstrated in this study. As was previously 
shown from this laboratory the intravenous administration of Na-EDTA causes 
an increase of urinary ealeium excretion as calcium is bound by the chelating 
agent in plasma and is rapidly eliminated as the caleium chelate by the kidneys.*® 
The exeess exeretion of the chelated ealeium corresponded to 63 per cent and 
78 per cent of the binding power of the dose of Na-EDTA in the 2 patients. 
A marked rise of Ca*® excretion occurred concomitantly with the excretion of 
the ealeium chelate. When the plasma calcium was raised by the infusion of 
calcium, the urinary Ca** exeretion was raised although to a lesser extent than 
after the administration of Na-EDTA. The excess urinary caleium exeretion 
following the administration of ionie calcium was also less and was found to 
depend on the state of calcium metabolism of the subjects under study, whereas 
the exeretion of chelated calcium seems to be independent therefrom 

The differences of intestinal absorption and urinary elimination of ealeium 
and strontium previously deseribed from this laboratory are confirmed in this 
study. The strontium absorption is about half as efficient as that of ecaleium, 
whereas the renal elimination of the absorbed strontium is 3 to 4 times higher 


than that of ealeium."! The elevation of the serum calcium level significantly 
raises the urinary excretion of both ions, the excess excretion of calcium being 
somewhat higher than that of strontium. 

The binding power of Na-EDTA is a hundred times higher for caleium 
than for strontium: log Ke, 10.6; log Kg, 8.6. It was reported from 
this laboratory that the urinary strontium*® excretion decreases during Na- 
EDTA administration..* This observation was confirmed in both patients. 
However, in the present study employing the double tracers, the inverse relation 
ship between the declining urinary Sr*® and the increasing Ca*® excretion was 
demonstrated. While the inerement of Ca* exeretion is due to the excretion 
of chelated calcium the decreased urinary Sr*® excretion may be explained on 
the basis of increased tubular reabsorption of strontium which may accompany 
that of ionie calcium to maintain calcium homeostasis. The degree of this 
changing tubular resorption may be a_ sensitive indicator of parathyroid 
activity, secondary to changes of serum caleium levels. This change in para 
thyroid activity is indicated by the increase of urinary phosphorus excretion 
and decrease of serum inorganic phosphorus during the period of Na-EDTA 
infusion. Conversely, changes in opposite directions were repeatedly noted 
during calcium infusions. 

When the Sr**/Ca** ratio of plasma was compared to that of stool, it was 
noted in both patients that these ratios form a parallel line after the unabsorbed 
tracers were eliminated from the intestinal canal (Fig. 4). However, the line 
representing the feeal Sr**/Ca*® ratio was higher than that of the plasma. 


This was observed in all 6 studies which were performed in both patients. This 


indicates that more endogenous Sr*® is excreted with the digestive juices in the 
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intestinal eanal or that more of the digestive juice calcium is re-absorbed. At 
present no definite statement can be made on the mechanism responsible for 
this observation. 

SUMMARY 
The effect of acute elevation or depression of serum ealeium upon the 
intestinal absorption and upon the metabolism of the absorbed calcium and 
strontium was investigated in two patients. 
The serum caleium was raised or lowered by a 6-hour infusion of caleium 
gluconate or sodium ethylenediaminetetraacetate. A tracer dose of Ca*® and 
Sr*° was administered orally at that time. 


Acute changes of the serum calcium levels had no significant influence 


on the absorption of either calcium or strontium; the absorption of Ca*® exceeded 


that of Sr*° under all conditions studied. 

The urinary excretion of Sr*® exceeded considerably that of Ca*® in the 
normocaleemie state. During hyperealeemia the excretion of both tracers in 
creased; ethylenediaminetetraacetic acid caused a marked inerement of Ca*® 
and a marked decrease of Sr*® excretion. 

The endogenous feeal excretion of Sr*® was slightly higher than that of 
Ca* in all studies. 


We wish to express our appreciation to Dr. Herta Spencer for her advice in carrying 
out the studies and preparing the manuscript. 
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INFLUENCE OF CHELATES ON THE METABOLISM OF 
RADIOYTTRIUM (Y*). III 
DupLey, Captain (MSC), USN, anv JosepH GREENBERG, M.D 
New York, N. Y. 


N PREVIOUS studies with rats and rabbits it was shown that the site of 
| deposition of intravenously administered yttrium could be influenced by 
both the chemical nature of the chelating agent and its concentration. Further 
studies with rabbits and dogs have shown that the biologie fate of Y* is 
markedly influenced by time and the dose of carrier (as mg. Y** per kilogram 
body weight).? Under the conditions of the experiment the greatest concentra- 
tion of this metal (as micrograms yttrium per gram of fresh tissue) was found 
in trabecular bone and stomach mucosa. On the basis of these findings it was 
suggested" * that the selectivity for these tissues, might be useful as a means 
of delivering the high-energy betas of Y* to neoplastic lesions involving these 
tissues. One purpose of the present investigation was to further explore these 
possibilities. 

By selecting those conditions which previously were found to favor the 
deposition of yttrium in bone (sparing the liver, spleen, and stomach mucosa 
where possible the beta emission of Y°® has been utilized as a means of in 
ducing controlled hematologic changes in rabbits and dogs. Details of these 
results are given in this report. 


In the present paper are also given results of the autoradiographie study 


of the localization of Y*° in normal and healing bone as well as the distribution 


of yttrium in 3 patients, utilizing Y® as a tracer, chelated with an excess of 
N’-hydroxy ethylenediamine triacetie acid (ED-ol 


MATERIALS AND METHODS 

Preparation of Yttriwm Solution.—Because of the need for high specific activity Y2 

in these studies, sterile solutions containing approximately 10 me. Y9° per milliliter with 

0.2 mg. Y*%® per milliliter as carrier were obtained from the Abbott Laboratories, Oak 

Ridge, Tenn. This material is prepared by selectively leaching the Y9% 
containing an equilibrium mixture, Sr9e — Y2%, 

A solution of Y(NOQO,), 5 H,O was prepared in sterile, pyrogen-free water; a drop 


of alcoholic phenolphthalein was added and then sufficient 


from a resin column 


N'-hydroxy ethylenediamine tri 
acetic acid was added to give a permanent pink color. The solution 
final concentration was 1.0 mg. Y per milliliter (pH 8 to 9) 
sterility. 


was adjusted so that 


and autoclaved to ensure 


From The Radioisotope Laboratory, U. S. Naval Hospital, St. Albans, N. Y., and The 
Division of Nuclear Medicine, The Long Island Jewish Hospital, New Hyde Park, N. Y. 
Supported in part by a grant from the Joel Finkelstein Cancer Foundation. 
The opinions or conclusions contained in this report are those of the authors They are 
not to be construed as necessarily reflecting the opinion or endorsement of the Navy Depart- 
ment. 


Received for publication March 21, 1958. 
533 





DUDLEY AND GREENBERG J. Lab. & Clin. Med 


October, 1958 


In preparing an injection, that volume of Y9 solution was determined which would 
yield the required millicuries Y9° per kilogram of body weight. The ‘‘carrier’’ dose (Y8® 
was found by determining the amount of Y8® accompanying the Y®, then calculating the 
number of milliliter of the chelated carrier necessary to 


give the required milligrams of 
Y89 per kilogram. 


The Y®” solution was introduced into a sterile syringe of suitable size, and sufficient 
carrier solution then drawn into the syringe. With some air space within the syringe, 
the two solutions were mixed and the air expelled. A pink solution (pH 8 +) resulted 


since the quantity of acid and metal in the Y°° solution was insufficient to markedly affect 
the final pH. 


Preparation of Autoradiographs. Sterile chelated Y®° solutions containing 20 to 5.0 
me. Y9° with carrier in the range of 1.0 to 2.0 mg. Y® 8 per kilogram were injected into the 
marginal ear vein of albino rabbits. The animals were sacrificed at the end of a 24-hour 
period and various bones removed, The excess soft tissue was cleaned off, and the bones 
imbedded in a plaster of Paris mixture (quick setting dental stone). In one to two hours 
these mountings were cut in half, using a metal cutting band saw, and the surface was 
ground smooth on fine sand paper, laid on a flat surface. The mounts were washed with 
cold water, using a fine brush to clear debris from the interstices of the bone. The smooth 
surface of the mounted bone was then covered with thin aluminum foil acting as a moisture 
seal, and then clamped in close contact with the emulsion side of fine-grain 35 mm. pan 
chromatic film. Suitable exposure times were determined by trial, and development of 
the exposed film with a suitable fine-grain developer. These autoradiographs gave an 
excellent indication of those areas in the bone in which yttrium is concentrated. 


Deposition of Y90 in Healing Fractures.—In order to determine the degree of deposition 
of yttrium in areas of bone having high osteoblastic activity, one rib of each of 4 young 
albino rabbits (2.5 to 3.0 kilograms) was fractured while the animals were under general 
anesthesia. In 14 days excellent callus formation was evident and each animal received, in 
travenously, into a marginal ear vein, 2.0 me. Y% per kilogram and a carrier dose of 1.0 mg. 
Y° per kilogram of body weight. The animals were sacrificed 48 hours after the Y° in 
jection and the ribs removed. 


The concentration of Y9% in the healing fracture was compare: 
with the Y* 


of the opposite normal rib by the counting procedure outlined below. Auto 
radiographs were prepared of the fractures as described above. 

Induced Hematologic Changes.—In order to determine the lethal and sublethal dose 
range of Y% due to radiation effects, young adult albino rabbits (2.5 to 3.0 Kg.) were 
injected, in the marginal ear vein, with solutions of Y° chelated with N’-hydroxy ethylene 
diamine triacetic acid (ED-ol) at 1.5 to 4.5 me. Y9 per kilogram and carrier of 0.05 to 
15 mg. Y8® per kilogram. This carrier dose range has no toxie effects, and the metal 
alone has produced no observable hematologic changes. A total of 8 rabbits were used 
in this series of experiments. 

Mongrel dogs (8 to 12 kilograms) were given Y9 at 0.50 to 1.5 me. Y% per kilogram 
with carrier of 0.05 to 1.5 mg. Y8® per kilogram. These 18 dogs were administered the 
material by injection into one of the superficial veins of the hind leg. 

Peripheral blood samples were drawn from the opposite ear and leg, respectively, of 
each animal before the injection and at 48-hour intervals thereafter for 8 days, after which 
time weekly blood samples were taken. Total erythrocyte and leukocyte counts were made, 
and the cellular differential, hematocrit, and hemoglobin content determined. 

In several of the dogs when the leukocyte count was reduced below 2,000 cells per cubic 


millimeter, a broad spectrum antibiotic was injected intramuscularly to reduce the mortality 
from generalized infection. 


In some instances this treatment seemed to produce favorable 


results, and the animal survived an otherwise lethal radiation dose. 


Distribution of Y m Man.—In order to determine the distribution of Y in man and 


to compare it with that found in animals, 6 terminal patients were administered, intra 


venously, 2.0 me. Y%, chelated with ED-ol in a carrier dose of 0.05 to 0.20 mg. Y8® per 
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kilogram. \utopsies were obtained i 3 of these patients, at which time representative 
amples of various tissues were removed, and the relative Y® content letermined by the 


ounting procedures outlined below. 


{nalytic and Counting Procedurcs.—To determine the relative Y9% ¢ tent of issues, 
two thinly sliced 2 to 5 Gm. representative samples of each fresh tissue were taken from 
each organ, weighed into tared planchets, dried for 12 hours at 120° C., again wei 
and the beta emission determined by counting with an end-window Geiger tubs 
mica; background 25 to 30 e.p.m.; tube to sample distance, 10 mm. The observed 
were corrected for de« ay tle 61 hours to some common time, usually th time 


death The counts so obtained yielded the net counts per minute per gram of fresh tissue 
error + 5 per cent). These values are an index of the Y*® content and are semiquantita 
tive in nature, since no correction was made for selfabsorption by the samples 

To obtain a quantitative estimation of the yttrium content of tissues, aliquots of the 
solutions which were injected were mixed with lean beef; 2 to 5 Gm. of these samples 
were weighed, dried, again weighed, and the net counts per microgram of added yttriun 
determined. Under these conditions the net counts obtained from Y*®° were a_ linear 
function of the added yttrium (Ys® + Y® in the counting rang 1,000 to 4,000 e.p.m 

Beta decay and absorption studies have been made, utilizing many Y* samples, 
both those prepared from Sr® by the Abbott Laboratories and those prepared by neutron 
activation of Y,O,. These samples were studied by Geiger counting of beta-gamma emis 
sion for up to 120 days It was found that 6 different lots of the Abbott material con 
tained 1 part Sr* in 107 to 108 parts ¥ This material is obtainable with relative 
low-carrier content (cirea 0.02 mg. Y8® per millicurie ¥ and since it is necessary to rigidly 


control the carrier dose, this commercially available material was utilized throughout the 


pharmacologic investigations reported herein. 
Samples of commercially ‘*‘ pure’’ Y,O,, as well as those further purified in this labora 


ory have been neutron activated and all have shown appreciable quantities of other rare 


earths The principal contaminants appeared to be Tbi6e, Eri69, and Yb! which were 
present in combined amounts of the order of 1 part in 108 of Y® The highest purity 
Y.O, obtained was that kindly furnished by Professor F. H. Spedding of the Institute for 
Atomic Research, Ames, Lowa. 


RESULTS 
Lethal Dose and Hematologu Ntudies (Rabbits and Dogs). 


Rabbits: Examination of the results of the studies of 8 rabbits intra- 
venously injected with Y° chelated with ED-ol shows (a) that the lethal range 
is within 3.5 to 4.5 me. of Y° per kilogram and (b) that the hematologic changes 
in the sublethal dose range, 1.5 to 2.5 me. Y® per kilogram, are comparable 
with those found in whole body x-radiation, except that the effects on the 
erythroeytes are somewhat more transitory 

In the 4 rabbits receiving 1.5 to 2.5 me. Y®’ per kilogram, the total leukocyte 
count dropped from a mean value of 7,900 cells per e.mm. to 4,900 cells per 
¢.mm. in 2 to 5 days and remained at this figure for the next 3 weeks, after 
which time normal counts were obtained. Normal erythrocyte counts (5.1 
10° cells per e.mm.) were maintained for 7 days, following the administration 
of the Y° at which time they fell to 4.2 x 10° cells per e.mm. Normal values 
were again observed within 14 days. These latter animals were normal in 
appearance throughout this series of blood studies. Further details are omitted 
since the results of the hematologie studies with dogs confirm and extend these 
findings. 
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Dogs: Intravenous administration of Y®® to mongrel dogs has shown that 
none of the 8 given 1.5 to 2.5 me. Y” per kilogram survived. All died within 
21 days with evidence of generalized internal hemorrhage. However, 3 of 6 
survived in those dogs receiving 1.0 me. Y* per kilogram, with all being given 
a broad spectrum antibiotic when the total leukocyte count fell below 2,500 cells 
pere.mm. At 0.5 me. Y® per kilogram no significant effects other than hema- 
tologie changes were observed in the 4 dogs tested. 

In the dogs receiving 1.0 me. per kilogram the initial drop in the total leuko- 
eyte count was accompanied by essentially complete disappearance of platelets, 
with an increase in the hemoglobin from a mean value of 14.5 Gm./100 ml. to 
18.0. Hemoconcentration was indicated by a simultaneous increase in the hem- 
atoerit from 0.45 to 0.53 in the 5 days immediately following the administration 
of Y*. By the end of 45 days thereafter, the hemoglobin and hematocrit had 
returned to normal levels. 

The mean neutrophil/lymphoeyte ratio for the 3 animals which survived 
1.0 me. Y® per kilogram dropped from an initial 2.2 to 0.34 in 14 days. This 
reversal of the normal persisted for an additional 16 days after which time 
the ratio began to rise, reaching the initial value 40 days after the injection of 
the Y®° 

In the 4 dogs receiving 0.5 me. Y® per kilogram with earrier of 0.05 mg. 
Y** per kilogram, the initial drop in the total leukoeyte count was accompanied 
by essentially complete, but quite transitory, disappearance of platelets. In 
contrast with the higher dose there was no hemoconcentration as the hemato- 
erit fell from an initial 0.47 to 0.34 on the twenty-fifth day postinjection. 
Thereafter, the hematocrit rose, reaching the initial value on the sixty-seventh 


day following administration of the Y°’. The change in hematocrit was paralled 


by a drop in the hemoglobin content of the whole blood from an initial value of 
13.0 Gm. per cent, to 10.0 on the twenty-sixth day postinjection. A normal 
value (13.1 Gm. per cent) was observed on the sixty-seventh day after ad- 
ministration of the Y°’. 

The mean neutrophil/lymphocyte ratio for the 4 dogs receiving 0.5 me. 
Y®* per kilogram gradually dropped from an initial 2.7 to 0.52 on the twenty- 
sixth day after administration of the Y.* This ratio then increased slowly 
so that a normal ratio (2.9) was not obtained until 96 days following Y® in- 
jection. These findings are similar to those of the 3 dogs surviving double this 
dose; however, the changes were slower in appearing and persisted for a some- 
what longer time. 

Fig. 1 graphically illustrates the effects on total erythrocytes and leuko- 
cytes of the intravenous administration of chelated Y° to mongrel dogs. The 
results shown are the mean of the observed counts. 

At a dose of 1.0 me. Y®” per kilogram, the number of leukocytes were re- 
dueed 82 per cent in 14 days in those animals which survived. Concurrently, 
the erythrocytes underwent a slow decline, never more than 15 per cent below 
the initial level. The leukocytes returned to the initial level at 50 to 60 days 
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following the injection of Y®. The number of erythrocytes remained de- 
pressed to the end of the 84-day observation period. In those dogs which 
died as a result of this dosage, the total leukocytes were reduced to less than 
1,000 cells per ¢.mm. No significant effect was observed in the number of 
erythrocytes in these animals since death usually ensued within 14 days after 
injection. 
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DAYS AFTER INJECTION OF CHELATED yY* 


Fig. 1 Influence of intravenous chelated Y” on peripheral blood of dogs 


At a dose of 0.5 me. Y® per kilogram, the number of leukocytes were pro- 
gressively reduced 70 per cent in 26 days following the injection. These values 
are the mean of all dogs so treated and, therefore, represent no natural selection 
of those most resistant, as in the ease of the 3 dogs shown for the 1.0 me. per 
kilogram dosage. At 0.5 me. per kilogram the number of erythrocytes were 
reduced 25 per cent below the initial value, paralleling the drop in the leu- 
koeytes during the first 26 days postinjection. All formed elements of the 
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blood returned to the initial levels by the sixtieth day postinjection and re 


mained at normal levels to the end of the 96-day observation period. 


Autoradiographic Studies —Examination of contact autoradiograph’s pre 
pared from the bones of young adult rabbits 48 hours following intravenous 
administration of chelated Y* show that this metal is concentrated at the endos 
teal and periosteal surfaces, surfaces of the haversian canals, the trabeculae, 
and at the epiphyseal junction. These findings indicate a predilection for 
those areas having marked osteoblastic activity and are in excellent agreement 
with the findings of Jowsey and associates‘ when using the longer life Y"'. 

The autoradiographs are not reproduced here since they are indistinguish 
able from many previously published, particularly those by Jowsey and asso 


ciates* and those for Ga’? by Dudley and co-workers. 


Yttrium in Healing Fractures.—The eoneentration of Y** and Y® in areas 
of osteoblastic activity is further indicated by the results found on the deter 
mination of Y*° content of the healing fractured ribs of young adult rabbits 
(Table I 

Autoradiographs confirm these findings, indicating a zone of econeentration 
within the eallus. 


TABLE I. Yrrrium DeEposITION IN HEALING FRACTURES* 


RELATIVE CONCENTRATION OF YTTRIUM 
lSSUE SAMPLI NET COUNTS/MIN./GM, FRESH TISSUE [x105] 
Normal rib 15.9 
14-day callus 23.7 
*Dose was 2.0 mc. Y®” per kilogram with a carrier content of 1.0 mg. Y® per kilogram 


gziven intravenously as the chelate to each of 4 rabbits Animals were sacrificed 48 hours 
ifter injection. 


TABLE II. Autopsy FINDINGS: RELATIVE CONCENTRATION OF YTTRIUM IN FRESH TISSUES 
(SKELETAL MUSCLE 1) 


TISSUES 
TRABE( STOM 
KID ULAR WHOLE ACH 
PATIENT™* NEY SPLEEN BONI MARROW BLOOD HEART MUCOSA LUNG! COLON 
W.V. (M 76 2.5 2.9 21.9 1.4 1.4 1.4 7.0 6.0 1.4 
cirrhosis with 
ascites (4 hr.; 
0.05 mg. 
M. B. ( F 60 32.§ 3.3 25.6 of Trace Trace 11.9 
hyperneph 
roma (5 days; 
O20 n , 
. M. (F 35 y 7 f Trace Trace 
adeno ca. 
ovary (11 
days; 0.20 


Py 
ig. 


mg. ) 
*Initials, sex, age, diagnosis, time of death after I.V. administration of Y™, carrier dose 
(mg. Y® per kilogram of body weight) 
Distribution of Yttrium in Man.—In Table IT are shown the details of the 
findings in the study of distribution of Y in 3 patients who were administered 


intravenously 2.0 me. Y*° chelated with ED-ol. Beeause of the varying time of 
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death, general condition, and the difference in carrier dose, the results are pre 
liminary in nature. However, they are in general agreement with those pre 
viously found with rabbits and dogs. 

At the low earrier dose (0.05 mg. Y per kilogram) yttrium is quickly de 
posited in bone and the stomach mucosa. However, at a carrier level of 0.20 
mg. Y per kilogram, the deposition is more marked in the liver, kidney, and 
spleen 


DISCUSSION 


The experiments outlined in this paper were undertaken as a final pre 
liminary step in the evaluation of the potential usefulness of systemically ad 
ministered radioyttrium (Y°°) in the therapy of neoplastie conditions involving 
the bone and/or marrow in man. 

The findings confirm and extend data previously obtained by the authors 
which show that Y°°, chelated with an exeess of N’-hydroxy ethylenediamine 
triacetic acid (ED-ol) and at a low carrier dose (~ 0.05 mg. Y per kilogram 
body weight) will localize quite selectively in the skeleton. The energetic 
beta emission (maximum 2.2 mey irradiated the adjacent marrow, causing 
selective destruction, or at least a marked reduction in its potential to produce 
immature or bizarre forms of the cellular elements of the blood. The relatively 
short half-life of the Y® permits vood eontrol of radiation dosage. A further 
safeguard is the ease with which yttrium may be cleared from the body should 
too high a dose level be established. Thus, intravenous administration of a 
chelate such as Ca-EDTA, a standard pharmaceutical preparation, promotes 
rapid clearance of yttrium via the kidney. 

The data reported in this study demonstrate that with eareful titration of 
the dose of Y° administered it is possible to effect preferentially the various 
components within the marrow and hence the peripheral blood. It is also 
possible that neoplasms involving the bone (primary or secondary) may be 
effected in a salutary manner with the proper manipulation of the dose of Y° 
given. 

Following this line of reasoning, clinical trials have been undertaken in a 
variety of neoplastic conditions involving the marrow and/or bone, such as 
leukemia (chronie and acute), polyeythemia vera, multiple myeloma, and vari 
ous bone tumors of 1 and 2 degrees. Details of these studies will be presented 
in the next paper of this series. 

The use of ED-ol in both the animal and clinical studies stems from the 
results of our earlier screening of various chelates... This does not preelude 


the possibility that other more useful complexing materials may be found. 


The rapid development of chelation chemistry may well yield compounds 
which will permit very precise control over the ‘‘nonphysiologie’’ 


metals when 
used in biologie material for a variety of purposes. 
SUMMARY AND CONCLUSIONS 


Studies with rabbits and dogs following the systemic administration of 
radioyttrium (Y°°) chelated with ED-ol, at low carrier concentration, have 
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shown that this metal may be caused to localize in bone, particularly in those 


areas having marked osteoblastic activity. The energetic beta emission irradiates 
the adjacent marrow. Titration of the dose of Y°® given resulted in a pref- 
erential effeet on the components of the marrow and, hence, the peripheral 
blood. The lethal dose for rabbits was found to be 3.5 to 4.5 me. Y® per kilo 
gram and for dogs, 1.5 to 2.0 me. per kilogram. Sublethal doses produced 
typical radiation effects on the peripheral leukocytes (70 to 80 per cent reduc 
tion). The number of erythrocytes were not markedly reduced under these 
conditions. Control levels were regained by the leukocytes within 60 days 
after the Y® injection. 

Chelated Y°* (2.0 me.) was administered intravenously to 6 terminal pa- 
tients, 3 of whom came to autopsy. In the 2 patients given a carrier dose of 
0.20 mg. Y°*® per kilogram the major localization was in the liver and spleen, 
whereas the patient given a carrier dose of 0.05 mg. Y** per kilogram showed 
significant localization in bone. 

Based on the results obtained in this study it is suggested that Y°® ED-ol, 
at low carrier concentration, may be useful in the management of malig- 
nant conditions involving the marrow and/or bone. Clinical trials of this 
modality are now actively underway in a wide variety of such conditions. 

We wish to acknowledge with thanks the assistance rendered by Billy J. Boaz (HMI 
USN, throughout this entire investigation; we also thank Captain 8. 8. Sarkisian (MC), 
USN, and his staff of the Pathology Laboratory for the many blood studies, as well as 
the autopsy material. 
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KINETIC STUDIES OF SKELETAL METABOLISM BY EXTERNAL 
COUNTING OF INJECTED RADIOISOTOPES: THE 
RADIOISOTOPE OSTEOGRAM 
NorMAN S. MacDona.p, Pu.D. 

Los ANGELES, CALIF. 


NUMBER of tests involving radioisotopes are well established for diag 
A nosis of malfunctions of the human thyroid gland, kidneys, and liver. 
One general line of development has been toward measuring changes in radio 
activity within the body by using detectors held near the skin and pointed at 
various parts of interest. Techniques of this sort yield data concerning the 
dynamie behavior of the radioactive material. Such information is often un- 
obtainable from assays of daily excreta. The purpose of the work now to be re- 
ported was to explore certain of the less well-known aspects of bone physiology 
with external counting methods. It is believed that these animal experiments 
in this field will form the basis for clinical procedures having sound and im- 
mediate medical utility. 

Calcium is, of course, only one of many substances absolutely vital to bone 
tissue. However, a slight disturbance of the nice balance of caleium flow into 
and out of bone can have profound and readily observable effects. It is a simple 
matter to administer radioactive caleium* and thus to add distinguishable 
‘‘labels’’ to this flux. Therefore, an extensive literature has evolved, dealing 
with those facets of skeletal metabolism which involve caleium.":? A great deal 
is already known of the modes of transport and ultimate fixation of calcium. 
The present studies, however, are primarily concerned with events during the 
first hour after injection of radioactive materials which find their way into nor- 
mal bone tissue. The experiments also disclose how abnormal conditions ean 
alter these events. The low penetrating power of the beta rays of Ca*® make 
is unsuitable for measurement by detectors placed outside the body. However, 
eyelotron-produced Sr**, which emits only gamma rays, is commercially avail- 


able, and serves admirably as a substitute label for calcium movements, pro- 
viding certain metabolic differences are reckoned with." * 


MATERIALS AND METHODS 


Female Dutch rabbits of various ages were used throughout these experiments. Most 
of the data appeared in the form of strip chart recorder tracings which indicated the 
variations of radioactivity (counts per minute) in a specific body area as a function of 
time after intravenous injection of the radioactive material. 


From the Atomic Bnergy Project, School of Medicine, University of 
Los Angeles, Los Angeles, Calif. 
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Carrier-free Sr85 was purchased from the Nuclear Science and Engineering Corpora 
tion; Na 1151, Na24, and Ba140-La140 were obtained from the Oak Ridge National Laboratory ; 
and Na22, Cr51, and radioiodinated human serum albumin (RISA) from Abbott Labora 
tories. Doses ranged from 5 to 20 we except for long-term retention studies, in which 50 to 
75 pe were administered. 

The basic equipment consisted of a lead shielded, collimated, gamma scintillation de 
tector probe with a 1 by 1 in. sodium iodide erystal, photomultiplier tube, and preamplifier 
whose output was fed to a counting ratemeter. After immobilizing the rabbit by taping 
the extremities to a board, the detector was clamped in an adjustable, counterbalanced 
holder and placed in contact with the leg bone or other part of the body being studied 
Intraperitoneal injections of urethane were used to sedate the rabbits and minimize strug 
gling during long runs. 

\fter the background counting rate registered by the ratemeter (Nuclear-Chicago 
1620 or Tracerlab Precision) had been recorded on the strip chart recorder (Esterline 
Angus) for an adequate period, the radioisotope was injected into an ear vein, and the 
fluctuations of radioactivity (counts per minute) in the field “seen” by the detector were 
recorded for the desired period. 

An important refinement of the method was the use of a gamma spectrometer (single 
channel pulse height analyzer, Nuclear-Chicago 1810) between the detector and the rate 
meter. The heights of the voltage pulses emitted by the photomultiplier are proportional 
to the energies of the nuclear radiations striking the crystal. With a pulse height analyzer 
one can sort these pulses and choose for recording any desired range. Thus, one may 
discriminate against low energy pulses due to instrumental noise and Compton scattering 
and record only those gamma photons having energies lying within the chosen “window.” 
Many different arrangements of these instrumental units are possible. In several experi 
ments, the electrical output of a single detector aligned over a leg bone, for example, was 
split and sent to two single channel analyzer-ratemeter-recorder combinations. The be 
havior of each radioisotopic species in a mixture of two gamma emitting radioisotopes could 
then be recorded separately by proper adjustment of each pulse height analyzer. In other 
experiments, one detector-analyzer-ratemeter-recorder combination was set to record events 
in one leg and a second, similar but separate combination, was adjusted to record events at 
some other location. 

For those instances when circulating blood was the object of study, both ends of a poly 
ethylene plastic cannula, 24 inches long and 0.060 in. outside diameter, were inserted and 
tied into one of the carotid arteries. This operation was performed on heparinized rabbits, 
under ether anesthesia. Prior to insertion, the cannula was filled completely with heparin 
and saline solution to exclude air bubbles and prevent clotting. An external loop of circulating 
blood was thus obtained. A coil of this loop was taped over the shielded crystal of one 
detector probe, placed as close as possible to the neck. Only about 1 out of every 3 at 
tempts at this operation was successful, but the effort was necessary to obtain valid, con 
tinuous tracings of blood clearances of radioisotopes, without repeated withdrawing of 


samples by hypodermie syringe. 
RESULTS AND DISCUSSION 


Initial Phases of Radiostrontium U ptake.—Fig. 1 illustrates a typical trac 
ing following an intravenous Sr*® injection. One detector probe was aligned 
over the tibia midshaft and a second detector-recorder combination was ar- 


ranged to record the blood activity in a carotid cannula loop in the same an- 
imal. These are facsimilies traced from the actual penned records, with the 
ruled coordinate lines of the chart paper omitted. Horizontal base line marks 
are 5-minute intervals. The time of injection is marked A. As time, postinjee- 
tion, increases, the trace progresses toward the left. Marks on the curved ver- 
tical axis are references for obtaining the counts per minute at any time during 
the experiment. The greater the amount of radioisotope in the field of view of 
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the detector, the higher the trace. The flat trace prior to injection is the back- 
ground counting rate. The shape or trend of the record is one of its most im- 
portant features. The change of radioactivity with the passage of time is often 
of greater significance and utility than the static measurement of the absolute 
amount of radioactivity present at any one time. Furthermore, it would be ex- 
tremely difficult to ascertain the absolute activities (disintegrations per second 

in the tissue fields ‘‘seen’’ by the detectors, because of unknown factors of 
geometry and scattering. In this rabbit, there was a rapid build-up of activity 
in the tibia midshaft area which reached a maximum at about 10 to 13 minutes, 
after which the level remained practically constant for at least another 40 min 
utes. Activity in the blood reached a maximum within one minute after in 
jection, then fell precipitously, Plotting the values taken from several such 
records indicated that neither the bone nor the blood traces are simple ex- 
ponential functions, but probably reflect the concurrent operation of at least 


3 processes which will come under discussion later. 





Fig. 1.—Bone pickup and clearance of Sr®™. 


For adult normal rabbits, the time required for the tibia midshaft to at- 
tain maximum activity following an intravenous injection of Sr*® chloride, was 
usually between 15 and 35 minutes. Fig. 2 gives the distribution of (Ty) values 
for a series of 33 rabbits. It was found that the times to reach maximum activity 


in normal bones (Ty) were in general, greater for bone areas containing spongi- 


osa than for fields primarily made up of dense cortical bone. Thus a knee or 


elbow trace will often continue to rise for perhaps 15 to 45 minutes after the 
trace for the tibia midshaft of the opposite leg has reached its peak and leveled 
off. The ratio of Ty for knee to Ty for tibia shaft was greater than one and was 
greatest for very young growing rabbits. The usefulness of comparing T values 
for abnormal and normal bone areas is developed in later paragraphs concerning 
healing fractures. 
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It was instructive to compare the disappearance of Sr** from the blood with 

its appearance in bone. In the particular experiment shown in Fig. 3 one count 
ing unit was set to record circulating blood activity in a cannula loop and a 
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Distribution of times required for maximum Sr uptake in midshafts of tibiae of 33 
normal rabbits. 
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MINUTES POST INJECTION 
Fig. 3 Disappearance of Sr™ from biood and accumulation in knee area, recorded simultane 
ously following intravenous injection, 
second unit was aligned over the left knee. The blood activity reached its peak 
within one minute after the injection, but about 70 minutes were required for 
the knee field. When the logarithms of observed activity were plotted against 
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the logarithms of elapsed time, a straight line fitted most of the blood disap- 
pearance data fairly well. Thus, the activity could be described in terms of 
a negative power function of time. (Activity) (a) (time)~>, where a and b 
are constants. The knee data for activity appeared to fit a positive power fune- 
tion of time, but only for the 5- to 30-minute interval. The slopes of the two 
lines are, of course, opposite in sign. The rate of appearance in this knee did 
not exactly match the rate of disappearance from the blood. 
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MINUTES PAST PEAK ACTIVITY 


Clearance of Sr™, I, and Na™ from blood circulating in a plastic tube inserted in a 


carotid artery 

The rapid clearance of Sr** from the blood is very likely a consequence of its 
fixation by bone tissue. Fig. 4 shows how the rate of Sr*° disappearance from 
blood cireulating in a cannula loop exceeds that of iodide ion (Na I'**) and 
sodium ion (Na**Cl). The data from these 3 experiments is also plotted on log- 
log coordinates because in this manner a straight line describes the observed 
trends fairly well. The slope for Sr*® clearance is steeper than for either iodide 
or sodium ion. Such log-log or power function plots are very useful for empiri- 
cal deseriptions and comparisons of trends.*:*® However, they do not permit 
mathematical analyses of the data in terms of a series of exponential functions to 
each of which some distinet physiologic process can be assigned. A number of 
such detailed analyses of blood disappearance curves for calcium, chloride and 
sodium ions have been published.*"** For the purposes of the present paper, how- 
ever, it is sufficient to point out the usefulness of gamma counting of an external 
loop of cireulating blood in such studies. This technique has been applied by 
MacIntyre and Leonards to several gamma-emitters."* 


Let us now attempt to interpret the bone records in terms of the physiologic 
events which transpire during the first hour following Sr*® 


injection. Before 
proceeding, it must be recognized that the field seen by the collimated detector 





546 MAC DONALD 


probe includes not only bone tissue but also considerable blood, lymph, skin, 
musele, and adipose tissue. The activity-time record is the summation of fluctu 


ations of activity in each of these compartments. The movements of Sr*° into 


and out of each of these ‘‘spaces’’ ean at present be deseribed only in rudi 


mentary fashion. After injection into a vein, the circulation carries the radio 
active material into the bone area via the capillary network. Thereupon, dif 
fusion or transport across the capillary membrane permits the radioisotope 
(probably ionic, in the case of SrCl,, Na**Cl, and Na I'*') to permeate the tis 
sues in the area. Transport into the bone itself is probably by way of the 
haversian canals, Volkmann’s canals, and eanaliculi. Fixation in the bone can 
then oeceur by exchange with an equal number of nonradioactive ions already at 
the spot, by aeeretion of new bone salts, and by binding with organie com 
ponents of the bone matrix in which the bone salt erystallites are enmeshed. 
The actual shape of the activity-time record is thus determined by: the blood 
mixing time; the rates of diffusion out of and back into the capillaries; the size 
of the capillary network (i.e., the vaseularity) ; the architecture of the bone area 
(e.g., cancellous, with many trabeculae or compact, with well-defined haversian 
systems); and the metabolic status of the bone area (e.g., in active ossification 
and growth or in a pathologie resorptive condition). In addition to these 
physiologie factors, the instrumental lag in response, due primarily to the count 
ing ratemeter time constant which is selected, also affeets the shape of the record 
somewhat. This is particularly true when the activity level is changing rapidly, 
as in the first few minutes after injection. 


585 RED CELLS 


Fig. 5.—Behavior of Cr"-tagged red cells and Sr® in normal rabbit knee 


It is possible to estimate the contributions of vascular transport to the ob 
served activity-time records. For example, the blood clearance studies using 
the cannula loop indicated that the blood circulating through a carotid artery 
reached its maximum activity within a minute after injection. Four experi 
ments in which red cells, tagged with Cr*' by the method of Gray and Sterling,’® 
were injected showed that the red cells were uniformly mixed in the skin-muscle 
blood-bone area seen by the detector within 3 to 8 minutes. Fig. 5 shows the 
record obtained from a single detector aligned over a knee. Cr°'-tagged red 
cells were injected into one ear vein, with the pulse height analyzer adjusted to 
record Cr®' gammas (0.32 mev.). After about 55 minutes, without disturbing 
the position of animal or detector probe, the analyzer window was reset to record 
only Sr*° gammas (0.51 mev.) and Sr*® was then injected into the other ear. 
Red cell activity reached a plateau in about 7 minutes whereas Sr*® activity was 
still increasing in the area 60 minutes after its injection. It would seem there- 
fore, that the speed of mixing and transport within the vaseular network is 
rapid enough to ensure that the maximum concentration of Sr*® inside these 





rHE RADIOISOTOPE OSTEOGRAM 547 


capillaries in a bone area is reached well within 8 minutes. The continued in 
crease in Sr*° activity observed after this period is evidence for the operation of 
one or more of the other processes mentioned above. 

Proceeding now to an assessment of the contribution of transeapillary 
movement to the observed activity-time records, the results of a number of ex 
periments with radiosodium will be cited. Na** was used extensively in these an- 
imal experiments beeause of its low cost and long half-life (2.6 vears). A 
positron is emitted during its decay, the annihilation of which produces two 
vamma photons whose energies happen to be the same as that of Sr*° gammas 
0.51 mey Therefore, in double tracer experiments it was customary to In 
ject Na®® first, followed by Sr*® only after a plateau of Na** activity had been 
established on the reeord. However, in 5 experiments, the behaviors of both 
sodium and strontium in the same bone area were recorded simultaneously. A 
solution containing both Sr*® and Na*' (15 hr. half-life) was injected and the 
output of a single detector, aligned over the desired area, was sent to two 
analyzer-reeorder circuits (one analyzer was adjusted to record only the Sr 
photons entering the detector and the other to reeord only those photons having 
the energy range characteristic of Na** (1.4 mey.). In general, the time required 
for maximum radiosodium activity to appear in bone areas was longer than that 
for Cr®'-tagged red cells, but shorter than that for Sr Fig. 6 presents the 
time intervals required for maximum sodium and strontium activities to appear 
in intact and in fractured bones at various stages of healing. The line of unit 
slope 1s the theoretical locus of points for which the Sr** and Na times are 
equal Kach rabbit tested is represented by a point on the charts for fractured 
and for intaet tibiae. The left tibia of each rabbit had been fractured, under 
anesthesia, prior to the double tracer test. In most cases the ratio of time to Sr 
maximum + time to Na maximum was greater than one. However, in 4 rabbits 
whose fractures were very fresh (3 to 5 days), the Sr activity reached a peak 
before the Na and then declined steadily. 

Several investigators have reported that the rates of transeapillary move 
ment of sodium and ealeium are very rapid and about equal.” * The degrees 
of binding of Ca and of Sr by blood proteins are nearly identical.'® It is reason 
able, therefore, to infer that this difference between the Sr*® and Na records 
is not due to a great disparity in rates of movement through the capillary walls.* 


If this be true, then the difference may perhaps be ascribed to the well-known 


‘*bone seeking’’ qualities of the alkaline earth strontium. Unfortunately, Na 


uptake data cannot be used as a measure solely of blood transport and trans 
capillary movements. Radiosodium is known to penetrate bone tissue and to be 
trapped therein by cation exehange processes.'*:'® As will be shown later, 
however, the skeletal accumulation of injected Na®* is much less than that of 
Sr* In any case, the double tracer experiments suggest that the time interval 
required for Na** activity to reach a peak in bone areas reflects the operation of 
the processes of vascular transport, transeapillary movement into interstitial 
fluids, fixation of some of the Na activity by ionie exchange, and return of the 


*Recently, however, different transfer rates have been reported for calcium and strontium 
from plasma to other body fluids, such as peritoneal and cerebrospinal fluid.” 
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remainder to the circulating blood and thence out of the field. Up to this point, 
an hypothetical Sr*® trace would be nearly identical to that for radiosodium. 
Hlowever, new bone salt is continually being formed to some extent, even in 
dense, adult cortical bone, to replace that lost by normal resorption. This deposi- 
tion of calcium salts traps Sr*® ions which have eseaped fixation by ionie ex 
change. Therefore, a much smaller proportion of the arriving Sr*° ions are re- 
turned to cireulation than is true for arriving Na*® ions. Blood clearance is there 
fore faster (Fig. 4) and skeletal retention greater than for Na**. This skeletal 
accumulation of Sr*® continues beyond the time of the Na?* maximum and does 


not level off until the blood concentration of Sr is depleted to a very low level. 
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Fig 6—Comparison of times for maximum uptake of Sr™ and Na™ in bones of rabbits receiving 
0th isotopes. 

According to this interpretation, the degree to which the Sr*® record deviates 

from the Na** record determined simultaneously in the same tissue area, is a 

direct indication of the magnitude of new bone salt formation in that area. 

Such information could be of great importance in the clinical diagnosis of dis- 

orders and lesions of the human skeleton. 


Retention and Excretion of Radiostrontium.—The retention and excretion 
of Sr*® and Sr® in bones of rabbits and rats has been reported in terms of power 
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functions of elapsed time.®:® These values were determined by daily collections 
of excreta and by serial sacrifice of animals to obtain bone specimens for assay 
The advantages of an external counting technique for following the daily loss 
of activity in each living animal are obvious. Furthermore, if each spot is well 
marked, the daily losses of activity from various anatomically different areas 
can be compared. For example it was found that Sr** was lost from cancellous 
bone in the knee area at a faster rate than from cortical bone in the tibial 
diaphysis. Healing fractures also exhibited faster declines in radioactivity 
than cortical bone due, no doubt, to progressive resorption of the calcified callus 
which contained considerable Sr**. It was necessary to use a pulse height an 
alyzer and to replace the counting ratemeter with a scaler in order to cope with 
the low levels of activity encountered in these long-term studies. Mathematical] 
corrections for radioactive decay were avoided by counting an aliquot of the 
original solution used for injection and expressing the activity observed in each 
bone as a percentage of the counts per minute observed in this standard. 
Counting times were in all eases long enough to allow at least 1,000 counts to be 
registered. 


TABLE I. CONSTANTS FOR EQUATION DESCRIBING RETENTION OF SRS5 IN RABBIT 
(R et* or log R d log t + log e 
RABBIT NO. INTERVAL t dx . dy 
0.51 0.3 0.73 
0.46 0 0.73 
10-56 0.55 0) 
4-50 0.45 0.35 
{ 3-49 0.31 0.19 
3 11-84 0.96 0.40 
10-90 0.51 1.14 


1] 
1] 
13 


; 
39} 10-36 0.97 0.89 


Key to abbreviations: R observed activity: t days elapsed since injection; c and d 
ire constants. Interval period during which bones were monitored, in days postinjection 
dx slope of regression line for knee data; dr for tibia data; dr for fracture 


*These rabbits were given Sr® when fracture of left tibia was 26 days old. 
tInjected with Sr™® when left tibia fracture was 10 days old. 
tNa™ injected instead of Sr® for comparison of retentions 


callus. 


When the logarithms of the observed activities were plotted against the 
logarithms of the elapsed times, a straight regression line could be fitted to the 
experimental points by the method of least squares. Table I presents the slopes 
of these regression lines for several animals. The slope for the knee or fracture 
callus was steeper (i.e., greater rate of decline of activity) than that for the tibia 
midshaft, indicating greater metabolic activity and bone salt turnover in the 
first-mentioned areas. 

Fig. 7 shows the retention of Sr** in normal rabbit. 

Fig. 8 shows the retention of Sr*® in a rabbit, injected with Sr*® 10 days 
after a fracture of the left tibia. 

Fig. 9 shows the retention of Na®? in a normal rabbit. 

Exereta from each of 5 rabbits injected with Sr* were collected over a 
period of nearly two months. Here again the trends could be deseribed very 
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conveniently by plotting the data on log-log coordinate paper, constructing a re- 
gression line, and computing its slope. Table I] presents the constants for these 


regression lines 


EQUATION DESCRIBING St 


Key to abbreviations: FE per cent of d ‘ er « F lays after injection 
lays postinjection b constant slope o egre ion line o jot of log E ver 
constant per cent of dose excreted ] 


The value b represents the slope and the value @ is approximat ly the per 
centage of the dose excreted during the first day, obtained by extrapolation back 
to t 1. An obviously erroneous value was obtained for a in the last animal. 
In this instance the early data were anomalous because the injection was pur 
posely subeutaneous rather than intravenous. 

It should be mentioned that during the first hour after injection, most of the 
sr activity time records from bone areas showed no decline after reaching the 
maximum value, except in the case of fractures 3 to 5 days old. However, in 8 
experiments in which recording was continued for as long as 2 to 3 hours, slight 
but steady declines did appear after 1 to 2 hours. These were ascribed to the 
loss of Sr*® from the area by exchange and resorption processes, augmented by 
continued exeretion by the kidneys.’ In two rabbits whose kidneys had been 
removed surgically the initial Sr*® records for bone appeared normal during the 
first hour, but no decline was seen during the next 2 hours. 

Behavior of Other Radioisotopes. 

Ba'’’-La'*’; Although possessing many advantages, Sr*° is quite expensive 
and gamma-emitting Ca*’ is not available. Ba‘'*’, another bone seeking alkaline 


earth, is quite cheap, however, since it is a waste product of atomie fission. It is 


obtained in the form of acidie solutions which are in decay equilibrium with 


La’, its radioactive daughter. 

Ba'’®? and La‘? were separated readily by conventional radiochemical 
means.?° Relative purity was checked by utilizing a pulse height analyzer to 
obtain the characteristic gamma spectrum of each preparation. Activity-time 
records from bone areas following injections of Ba'*® were quite similar to those 
of Sr*®, but quite different from those of La™®. Peak activities for La‘'*® were 
reached in times ranging from 3 minutes for cortical bone to 10 minutes for 
knee and fracture sites. Traces were similar to those for Cr°'-tagged red cells, 
but, unlike the red cell records, La'® in several cases tended to leave the field 
slowly after reaching its maximum. If pulse height analyzers are available, 
there is no need for chemical separation of the Ba'™® from the La'®. Fig. 10 
illustrates their comparative behavior in a knee area. A single detector probe 
was aligned over the knee, its output being split and fed to two separate analyzer- 


ratemeter-recorder combinations. Both analyzers were adjusted to reeord Sr* 
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gammas and this radioisotope was injected. The usual ascending trace for a 
metabolically active area was obtained on both records, The height of the lower 
trace is greater than that of the upper only because the range seale for that par- 
ticular ratemeter was slightly less than for the other ratemeter. After about 
40 minutes the window of one analyzer was set to bracket the amplified photo 
voltages resulting from Ba‘ scintillations and the other was set for La’. A 
solution containing the earrier-free equilibrium mixture of Ba'*’-La‘*® was then 
injected. The La'*® maximum was reached within 7 minutes while Ba'*® activity 
in the same area was still increasing, like Sr*®, at the end of 25 minutes when the 
experiment was terminated. This finding is in agreement with many published 
observations that the mode of bone fixation of rare earth elements is quite differ- 
ent from that for alkaline earth elements.”' 





a 
— 
#— TIME 5 mn. 





Fig. 10.—Recordings of uptake of Sr™, Ba™, and La™ in right knee area of a normal 
rabbit. Two separate pulse height analyzer-ratemeter-recorder circuits were connected in 
parallel to the output of a single scintillation detector. Both analyzers were adjusted to 
record Sr® gammas, and this isotope was injected at the time marked by A and A’ on the 
two charts. At time B, the analyzer of this circuit was reset to record Ba™. and, at B', the 
other analyzer was reset to record La™. At C and C' the chart speeds were increased so that 
the records would be conveniently separated D indicates the portion of the activity from the 
Sr® injection which was now passing through the window set for Ba”. No Sr activity was 
detectable through the La™ window because of its much higher setting. FE and E' mark the 
injection of a solution containing Ba™ in decay equilibrium with its daughter, La™. To keep 
the Ba™ trace on the chart, the ratemeter range scale was immediately raised to 1,000 ¢.p.m 
per chart division. Therefore, the actual counting rate observed for Ba™ at F was about 
5,500 ¢.p.m. 


Radioiodinated compounds: Fig. 11 shows the build-up of iodide ion ['", 
administered as sodium iodide solution, in a tibia shaft and in the neck area 
encompassing the thyroid gland of a rabbit. The blood clearance curve from an- 
other experiment is also shown. The initial phases of iodine uptake resemble 
Na* behavior rather than Sr**. Reduction of blood concentrations to low levels 
was much faster for I'** than for Na**, however. 


Radioiodinated human serum albumin (RISA) also was tested in 9 
animals. Fig. 12 depicts the records of RISA and Sr* pick-up in a 10-day- 
old tibial fracture and in the intact contralateral tibia of the same rabbit. Both 
upper and lower records were obtained simultaneously by using a separate 
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detector-recorder assembly for each leg. It is noteworthy that this protein, 


which is foreign to the rabbit body, appears to accumulate in the healing frac- 
ture, although not nearly so dramatically as Sr**. It is possible, however, that 
this rise is due to accumulation of iodine ion split off from the foreign protein 
molecule rather than fixation of the albumin in the area. Radioiodinated rab 
bit albumin will be prepared in the near future and compared with RISA on 
a similar experiment. For the present, these preliminary results with RISA 


THYROID 


Behavior of iodide ion (Na I) in normal rabbit. 








-— Time 


Fig. 12 Recordings of I™-labeled human serum albumin and Sr™ in fractured and in- 
tact tibiae of a rabbit The fracture was 10 days old One complete detector-analyzer-rate- 
meter-recorder combination was aligned over the fracture site. Another complete combination 
was aligned over the midshaft of the opposite tibia. Both analyzers were set to record I™ 
gammas and RISA was injected at the time marked by A and A*. At B and B' both analyzers 
were reset to record only Sr® gammas. C and C' show the background counting rates at these 
settings. Sr® was then injected at the time marked by D and Db". Recording was terminated 
at EB and E*. 
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suggest that injection of this material just prior to or along with Sr*° would 
make it possible to evaluate the contribution of vascularity to the total pieture 
of Sr*° uptake. Indeed RISA has been so used for estimating vascularity in 
the radioiodinated rose bengal hepatogram for human liver function.* 


6.0o—~ 
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DAYS POST FRACTURE 


Fig. 13.--Comparison of times for maximum Sr™ uptake in fractured and normal bones 
of rabbits. Ty, Tw is the ratio (Time to max. in fractured tibia) (Time to max. in op- 
posite intact tibia). 


Radiostrontium in healing fractures: Dynamie studies with Sr** and seintil 
lation counter techniques ean provide information on the progress of healing in 
fractures without harm to the subject. By using two detector-recorder sets, 
the time required for attainment of maximum activity in the abnormal area 


ean be compared to that required in an equivalent, undamaged area of the oppo 


site, intact limb. Such a comparison discloses the current vigor of repair. In 
Fig. 13, the ratio of time to maximum activity in fractured (T,) and in intact 
(Tx) areas was plotted against the age of fracture for a large number of rab- 
bits. Many of the animals were tested more than once. When the fracture was 
very fresh (3 to 6 days) the T,/Ty ratio was less than one. During the most 
active period of formation and ealeification of fracture callus (10 to 22 days) 
the T,/Ty ratios became very high. Soon thereafter they dropped back toward 
unity as the callus sites became adequately calcified. One may infer that the 
magnitude of the T,/Ty ratio is a measure of osteoblastic activity in the area of 
interest. 

From the same recorder tracings, additional information may be derived by 
comparing the maximum amounts of radioactivity in each area, i.e., the height 
of the traces. The detector systems must be adjusted beforehand to equal sensi- 
tivity, and the geometries of observation should be made as similar as possible. 
The data in Fig. 14 show that more Sr* is accumulated in the injured area 
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than in the intact area at all times postfracture. However, the greatest dis- 
parity in uptake occurs between the tenth and twenty-fifth day. This trend is 
in good accord with Fig. 13 and with observations on healing fractures using 
Ca and S The inereased vascularity of the fracture area is also clearly 
demonstrated by the data for Na** in Fig. 14. However, it is evident that Na 


does not give as useful a picture of the healing process in bone as does Sr* 








ee 





1 
20 30 40 680 


DAYS POST FRACTURE 
Fig. 14 Excess strontium and sodium “space” in healing fractures Both Sr* and Na 
were injected into each of this series of rabbits at various time intervals after fracture of the 
left tibia A complete detector-analyzer-ratemeter-recorder combination was aligned over the 


fracture site and another over the opposite, unharmed leg Both analyzers were set to record 
0.51 mev. gamma Na was injected, followed by Sr™ after the traces had reached plateaus 


— spe (c.p.m. in fractured leg) (c.p.m. in intact leg). 
(c.p.m, in intact leg) 


The practical value of these external gamma scintillation counting tech- 
niques for estimating current metabolic status of a bone area is demonstrated 
in Fig. 15. A rabbit was injected with Sr* three days after sustaining a frae 
ture of the left tibia. The usual pattern of rapid uptake in the hyperemic 
area, followed by a slow but steady loss, was obtained. Upon retesting at 16 
days, the Sr*° record showed that very active calcification was underway in the 
callus, which was well formed by that time. A roentgenogram showed moderate 
amounts of new mineral in the area. Another roentgenogram at 60 days showed 
heavy mineral deposits all around the fracture, which had not been splinted. 
Were these heavy deposits being augmented by daily accretion of still more new 
bone salt? A third injection of Sr*® was given. The record was interpreted as 
showing that somewhat more calcium was being deposited than was normal for 
an undamaged tibia shaft, but not enough to increase greatly the total amount 
of ‘‘surplus’’ mineral. Indeed, had the area then been counted daily over a 
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period of a week or so, it is likely that an abnormally rapid loss of activity 
would have been noted. Such additional information would have indicated 
that the surplus mineral deposits in the callus were not static, but were being 
resorbed rapidly. The deposition of Sr*® during the first hour or so was some- 
what greater than normal because of enhanced vascularity and remodeling 
activities, which involve deposition of mineral at some spots and dissolution at 
others. However, the ensuing rapid loss of Sr*® (see Fig. 8 for example) im 
plies not only a very rapid turnover and replacement of these Sr*° ions, but also 
a net loss as the resorption of mineral outstrips its accretion in the callus. 








60 oaYs 


Fig. 15.—Sr® tests of metabolism in healing fracture of a rabbit's tibia. 


It must be noted that Sr**, a beta emitter, was used as a tool in studies on 
bone fracture healing as early as 1945.** 7° Also a recent report has appeared, 
in which the dynamics of bone healing in dogs was studied by repeated daily 
counts of Sr* activity.*° Laszlo and his group, however, were the first to use 
Sr** in human beings.** Their carefully controlled, metabolic balance studies 
have provided basic information on the comparative retention and excretion of 
strontium and calcium by the human body; others are pursuing similar lines 
of investigation.* ** It is apparent that sensitive methods are now at hand to 
examine many different metabolic disorders and lesions peculiar to the human 
skeleton.* For example, it may be possible to determine easily and quickly 
whether a localized lesion is in an osteolytic or in an osteoblastic phase. Clin- 
ical application of these radioisotope techniques to diagnostic problems such as 
Paget’s disease and to evaluation of therapy of osteoporosis are proceeding un- 
der the auspices of the University of California School of Medicine, Los Angeles. 


The experiments reported here demonstrate the value of recording and 


analyzing the changes in radioactivity in selected body areas during the first 


*G. C. H. Bauer of Malmo, Sweden, recently presented the results of body surface count- 
ing of 9 patients who had received both Sr® and Ca“. The uptake of both isotopes in path- 
ologic skeletal lesions was several fold that in normal, unaffected areas.” 
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hour after injection of bone-seeking radioisotopes, as well as at longer intervals 
thereafter. It is proposed that these time versus radioactivity graphie records 


be termed **osteograms’’ (e.g.. Sr’ osteogram, RISA osteogram This eon- 


forms with the terminology already applied to tracer tests of liver and kidney 


function, namely, the radioisotope hepatogram and the radioisotope reno- 
gram. 


SUMMARY 


1. Methods were devised for continuously recording variations of radio- 
activity in bone areas with time, following injection of bone-seeking radioiso 
topes These graphie records were named radioisotope osteograms. 

2. By using gamma scintillation detectors and pulse height analyzers it 
was possible to record simultaneously on separate charts the fates of two dif 
ferent radioisotopes following injection of a mixture. 

3. These techniques were used in rabbits to compare the clearance from 
blood and the accumulations in bone of Sr*°, Na®*, and I'*?, 

+. Double tracer experiments with Sr*°, Cr®'-tagged erythrocytes and [' 
labeled serum albumin elucidated certain kinetic aspects of caleium metabolism, 
such as vascular transport, transeapillary movements, ionic exchange, and bone 
salt accretion 


5. Osteograms obtained after injection of Ba'**-La'*®, and Sr*° mixtures 
showed that the behavior of Ba'*® is quite similar to that of Sr*, but radieally 
different from that of La'*’. 


6. Quantitative comparisons of long-term retentions of Sr*> and Na®? in 


various types of bone tissue were made. 


7. It was shown that information on the current metabolie status of a frae 
ture can readily be obtained at any point during the course of healing. Osteo 


grams showing the uptakes of Sr*® and Na**- or I'*?-labeled serum albumin during 


the first hour after their injection, followed by daily monitoring of the bone 
areas, provide the necessary data. 

8. Extension of the techniques to the study and diagnosis of metabolie dis 
orders and lesions of the human skeleton is discussed. 


Valuable technical assistance in handling animals and analyses was contributed at various 


times by Mrs. M. Hepler, Miss B. Brooks, Mrs. P. Lorick, Miss L. Petriello, Mr. F 


. Scholtz, 
and Mr. P. Noyes. The many stimulating discussions with Drs. G. V. Taplin, M. R. Urist, 
B. Cassen, and O. Meredith are also gratefully acknowledged. 
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EFFECTS OF HEPARIN ON BODY TEMPERATURE AND PLASMA 
LIPIDS FOLLOWING INTRAVENOUS ADMINISTRATION OF FAT 
EMULSION IN MAN 
HarRIsOoN H. SHouupers, Jr., M.D.,* H. C. Mena, M.D., Pu.D., anp 
SUZANNE TUGGLE, B.A 
NASHVILLE, TENN. 


NTRAVENOUS injection of heparin is capable of clearing alimentary lipemia 
| in vivo.** Bragdon and Havel* and Freneh and associates’ have shown 
that administration of heparin to rats increased the rate of removal of the 
intravenously injected lipoproteins and fatty echyle, respectively. Grossman 
and Strub,® using rats, and Meng and Youmans,’ using dogs, found that heparin 
injected simultaneously with synthetie fat emulsion also accelerated the dis 


appearance of the infused fat from the blood ecireulation. This inerease in 


rate of removal of plasma lipids following heparin administration is presumably 


due to the production of lipemia clearing factor which is lipolytic in nature. 
It is well established that plasma obtained after heparin injection hydrolyzes 
the synthetie triglyceride emulsion or triglyceride component of lipemia plasma 


in vitro.**® The present study was undertaken to investigate the effects of 
heparin administered simultaneously with intravenous infusion of fat emul 


sion on plasma unesterified fatty acids and on body temperature in man. 


MATERIALS AND METHODS 


Thirty-three patientst were selected on the surgical wards at the Veterans Admin 
istration Hospital in Nashville. These patients can be divided into 3 groups. 1) Twenty 
five were postoperative patients with various pathologic conditions, such as carcinoma of 
the lung, duodenal ulcer, hernia, appendicitis, ete. Infusions of fat emulsion were given 
usually from 2 to 10 days after the operation. 2) Three patients were in the convalescent 
state after long bone fractures or burns. 3) Five patients were given fat infusion be 
fore operations. The age of these patients ranged from 22 to 68 years. 

Plasma unesterified fatty acid and plasma total lipids were determined in 12 of the 
33 patients whose ages ranged from 23 to 39 years. Of these 12 patients, 5 were post 
operative cases, such as hemorrhoidectomy and other minor surgeries; 4 preoperative eases; 
and 3 with traumatic ulcer or skin graft of lower extremities. None of these subjects were 
severely ill and they were afebrile. Eight of these 12 patients required nutritional therapy, 
but the other 4 were in fairly good nutritional condition. None of the 33 patients was 


ecacheetie. 
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Six hundred milliliters of Lipomul , a 15 per cent cottonseed oil emulsion, was given by 
intravenous drip. The rate of infusion was carefully regulated and all infusions were 
completed in 34% to 4 hours. Each patient received two infusions of fat emulsion—the first 
without heparin and the second with heparin.t The heparin dosage was 100 mg. given 
intravenously 3 to 5 minutes prior to, and 50 mg. given immediately after, the completion 
of fat infusion. The second infusion of fat emulsion was given within 5 days after th 
first in all cases, although usually within the next two days. 

Oral temperature was taken before, at mid-point during, at the end of, and hourly 
for 4 hours after completion of fat infusion. Blood samples were withdrawn for plasma 
unesterified fatty acids and total lipids before and at intervals during and after completion 
of fat infusion. The modified method of Borgstrom'® was used for the determination of 
plasma unesterified fatty acids. The plasma total lipids were determined by gravimetric 


method of Street!1 with a slight modification. 


RESULTS 
The effects of heparin on changes in plasma unesterified fatty acids and 
total lipids following intravenous infusion of Lipomul are presented in Table 
I. It can be noted that the plasma unesterified fatty acids were increased 
whether or not heparin was given. However, the increase observed at the 
end of infusion was significantly greater with heparin than without heparin 
The mean difference of plasma unesterified fatty acids between fat infusions 


> 


with and without heparin determined 3 hours after completion of infusion 


was not statistically significant. 


TABLE I. ErFrrects oF HEPARIN ON CHANGES OF PLASMA UNESTERIFIED Fatty ACIDS AND 
ToTaL Lipips FOLLOWING INTRAVENOUS INFUSION OF FAT EMULSION 


PLASMA UNESTERIFIED FATTY PLASMA TOTAL LIPIDS 
ANALYSIS Acips (mEq./L.) (MG. PER CENT) 
3 HR. 1 HR. 
BEFORE END OF AFTER BEFORE DURING END OF AFTER INFUSION 


TIME INFUSION |INFUSION |INFUSION |INFUSION INFUSION |INFUSION 1 HR. 3 HR. 

Mean 
Nonheparin 0.493 46: 0.162 1,199 96: 79 1,492 
Heparin 0.543 m > 0.812 22 1,043 f 1,254 922 


Mean 

difference* 

+ S.E. 2.607 0.188 172 329 396 587 
P <0.001 S01 »0.1 0.009 0.004 <0.001 

*Mean difference between heparinized and nonheparinized groups. For plasma unesteri 

fled fatty acids: (mean difference from preinfusion level of heparinized group)—(mean differ 
ence from preinfusion level of nonheparinized group For plasma total lipids: (mean differ 
ence from preinfusion level of nonheparinized group) (mean difference from preinfusion level 
of heparinized group) 


As was expected, the plasma total lipids were elevated as the results of 
fat infusion. However, the increase in plasma total lipids was not as great 


and returned to the preinfusion level sooner when heparin was given simul 


taneously with fat. The mean differences in plasma total lipids between fat 


*Lot Nos. 11612-22, -33, -43, -50, and -61 were supplied by The Upjohn Company, Kalama 
zoo, Mich., through the courtesy of Dr. E. A. Hawk The emulsion contains 15 per cent cotton- 
seed oil and 4 per cent glucose 

tHeparin sodium, 10 mg. per milliliter and 100 U.S.P. units per milligram, was kindly 
furnished by Dr. E. A. Hawk, The Upjohn Company, Kalamazoo, Mich. 
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infusions with and without heparin were 329, 396, and 587 mg. per cent, 
respectively, at the end of, and 1 and 3 hours after, infusion. These differences 
are statistically significant (Table | 

Fig. 1 shows the changes in body temperature during and following fat 
infusion both with and without heparin treatment in 33 patients. The results 


are expressed in terms of mean temperature difference from preinfusion levels 


FROM PREINFUSION LEVELS (°F) 
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Fig. 1 Mean changes in body temperature following intravenous infusion of fat emul 

sion e e Nonheparinized group; ( Heparinized group Vertical lines repre 
sent the standard errors of the means. 
It can be seen that body temperature progressively increased following in 
travenous infusion of fat emulsion, whether or not heparin was administered 
The mean elevation in temperature measured at all points during and after fat 
infusion was significantly higher (p 0.05 or less) than the preinfusion 
level, except that at the mid-point during infusion in the group receiving 
heparin. 

The changes in body temperature following intravenous infusion of fat 
emulsion in 12 patients whose plasma lipids were determined were identical 
with those observed in the entire group of 33 patients. 

It should be pointed out that of the 66 infusions in 33 patients, 8 produced 


thermogenic response of more than 2° F. (2° F., 5 infusions; 3° F., 2 infusions: 
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and 4° F., 1 infusion); the incidence is, therefore, 12.1 per cent. Of the 8 
infusions which produced fever, 7 received no heparin (21 per cent) and 1 
received heparin (3 per cent). No other type of untoward reaction was ob 
served during or after infusion with or without heparin. 


DISCUSSION 

We have confirmed in previous studies*®* in animals that admin 
istration of heparin increases the rate of removal of the intravenously infused 
synthetic fat emulsion from the circulating blood. Heparin administration 
presumably leads to the production of lipemia clearing faetor which hydrolyzes 
triglycerides. The observations in the present study of a marked increase in 
plasma unesterified fatty acids in patients receiving fat emulsion plus heparin 
would support such a conclusion. 

It is apparent from the data presented that intravenous infusion of fat 
emulsion produces low-grade elevation of body temperature. Since only 5 
per cent of the 66 infusions were associated with an increase in temperature of 
more than 3° F. and no other undesirable reaction was observed, it seems that 
this preparation was fairly well tolerated, at least in short-term studies. How- 
ever, the mechanism of the slight elevation of body temperature remains to be 
explored. 

It was postulated that accumulation of unesterified fatty acids in the 
blood stream might in itself produce fever, or cause hemolysis which results 
in an inerease in plasma-free hemoglobin which subsequently produces eleva 
tion of body temperature. Thus, if the above postulations were correct, ad- 


ministration of heparin simultaneously with fat emulsion might aggravate the 


thermogenic response. However, the present work does not seem to support 


such a hypothesis, although the increase in plasma unesterified fatty acids was 
much greater in patients receiving fat emulsion with heparin than in those 
without it. In faet heparin might have reduced the incidence of thermogenic 
reaction. Since in most of the 33 patients heparin was given with the second 
infusion of fat emulsion, it is possible that the lesser temperature rise might 
have been due to the development of ‘‘toleranee’’ to fat. 

It is of interest to point out that Mueller’® and Becker and Buxbaum"™ 
have demonstrated a direct correlation between rapid clearing of the intra- 
venously infused fat from the blood stream and the oceurrence of fever in 
patients. Lambert and associates'® have shown that the rate of clearance of 
the infused fat is delayed in rabbits receiving emulsions incorporated with 
Triton A-20; the incidence of fever is also eliminated in these animals with 
slow clearance of fat. However, Becker and Grossman’ and Moeller and 
associates’® have reported that there is no apparent relationship between the 
rate of infusion and the incidence of thermogenic reaction in rabbit and in 
man, respectively. The findings presented here indicate that heparin did 
increase the rate of removal or clearance of the infused fat, yet the elevation 
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of body temperature in patients receiving heparin was less than that in those 
receiving no heparin. Thus, it seems apparent that the rate of removal of 
the infused fat per se is probably not related with the incidence of fever. 


SUMMARY 


The effects of heparin on plasma unesterified fatty acids, plasma total 
lipids, and body temperature following intravenous infusion of synthetic fat 
emulsion in patients have been studied. 

Administration of heparin increased the rate of removal of the infused 

emulsion from the blood stream. This inereased removal of the infused 
fat is, at least in part, due to inereased lipolysis as indicated by the greater 
increase in plasma unesterified fatty acids in patients receiving fat emulsions 
with heparin than in those without it. 


Low-grade elevation of body temperature was observed following intra- 


venous infusion of fat emulsion. Administration of heparin simultaneously 


with fat emulsion did not seem to aggravate the thermogenic response. 


We wish to express our appreciation to Dr. Margaret P. Martin and Mr. Ben Couch, 
Department of Preventive Medicine, Vanderbilt University School of Medicine, for statis 
tical analysis of data. 
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ON THE COMPOSITION OF CHYLE CHYLOMICRONS 


JosepH H. Bracpon, M.D. 
BETHESDA, Mp. 


AGE and Fish’ coined the term ‘‘chylomicron’’ to identify those particles 
which exhibited brownian movement in dark-field preparations of plasma 
and which had a diameter of at least 0.5 micron. They demonstrated that 
these particles contained lipid, and that they increased in number in both the 
chyle and plasma following the ingestion of fat but not following the ingestion 
of protein or carbohydrate. We now know, largely from the work of the 


Donner group,’ that there are also, at least in some lipemie human plasmas, in 


addition to the particles described by Gage and Fish, a spectrum of lipoprotein 
micelles, many too small to be seen as entities in dark-field examination and 
vet large enough to seatter light. According to Lindgren and associates,* lipo- 
proteins with Sf values greater than 400 seatter light. With present methods 
it is impossible to subfractionate these particles into homogeneous classes. In 
this communication the term chylomicron wil be used to refer to all the light- 
seattering lipid particles, although in actuality the preparations used contained 
predominately the larger particles. 

Although there is general agreement among investigators that chylomicrons 
consist primarily of triglycerides and that when separated from blood they 
appear to contain 1 to 2 per cent protein, there is no such agreement regard- 
ing the protein content of chylomicrons separated from chyle. Chylomicrons 
from blood become disrupted when repeatedly washed through saline, a phe 
nomenon first reported by Weld.‘ Such is not true of chylomicrons separated 
from chyle. Laurell’ recovered chylomicrons from rat chyle by flocculation with 
toluidine blue and reported a protein content of about 2 per cent. The same 
amount was found in dog chyle chylomicrons by Havel and Fredrickson® after 
centrifugal separation. They did not, however, wash their preparations. A\l- 
brink and associates’ reported that in both human and dog chyle chylomicrons 
the protein content was too low to measure with aeeuracy. Robinson,*® who 
has made extensive studies of chyle chylomicrons in the rat, coneluded that 
the small amount of protein found on first isolation could be completely washed 
away by repeated centrifugations through physiologie saline. In view of these 
conflicting data it seemed appropriate to report the experiences of this lab- 
oratory. 

METHODS 

Polyethylene cannulas were inserted in the cysternae chyli of rats and the animals 

were placed in restraining cages. They were offered physiologic saline to drink and a diet 
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of ground pellets saturated with olive oil in order to increase the of chylomicrons. For 


the separation of chylomicrons, the whole chyle was layered under physiologic saline in 


jastic tubes of the 40 rotor of the Spinco preparative ultracentrifuge. Centrifugation was 
I I pre} 4 
performed under different conditions described below. Under our usual conditions the chylo 


microns formed a butterlike mass at the top of the tube They readily re-emulsified in 


physiologic saline, through which they were washed at least 


more times For the 


mination of lipids, 1 ml. of the washed emulsion was extracted in a final volume of 


of chloroform-methanol (2:1, v/v). After standing at least 30 minutes at 


roon en perature, 
5 ml. of water was added and the 2 phases permitted to separate overnight. Aliquots 
lower phase were taken for determinations of cholesterol,’ lipid phosphorus, 
lipid.1! For the determination of protein, 1 m ie washed emulsion was 


final volume of 25 ml. of ethanol-acetone (1:1, \ On following day 


cipitate was centrifuged down and was washed once in ethanol-acetone to free 


trapped lipid. It was then dissolved in 0.5 ml. of 1 N NaOH, and the amount o 


j 


vas determined by the very sensitive method of Lowry and associates As thi 


measures only the tyrosine content of the protei 
for rat chylomicron protein, rat serum proteins, and 


n, it was compared with the biure 
serum proteins The 


tion of the last was also determined as 6.25 Kjeldahl nitrogen. 


comparison showed that the tyrosine content o cron protei 
that of rat serum proteins and that both o e contained only 


tvrosine as do human serum proteins. 8S titabl been made 


Carbon!# radioactivity in protein was determined b } method of Vaughan, Steinberg, 


After extraction in ethanol-acetone, the protein precipitate was washed, dried, 


and then dissolved in a 1 M solution of Hvamine in methanol The protein remained in solu 


tion after the addition of toluene containing the phosphor 2,5-diphenyloxazole. \ Packard 


Tri-Carb seintillation counter was used. All counts were corrected for self absorption by 


recounting after the addition of a known amount of carbon'4 


TABLE I. Errectr or Drier on Lipip CoMposITION OF CHYLE CHYLOMICRONS 


TOTAL LIPID" CHOLESTEROI PHOSPHOLIPID 
DIET MG. PER CEN PER CENT 
Mash + olive oil 198 0.66 6.9 
Mash + soy lecithin 201 0.43 6.8 


Mash + olive oil + chol. 219 1.9 7 


om 


*In chylomicrons from 5 ml. of chyle 


RESULTS AND DISCUSSION 


1. Effect of Diet on Lipid Composition of Chylomicrons.—This was in- 
vestigated by offering the following diets during 3 consecutive daily periods and 
analyzing the chylomicrons obtained at the end of each period: (1) purina 
pellets ground to a mash and saturated with olive oil; (2) mash mixed with 
soy lecithins; (3) mash saturated with olive oil in which cholesterol was dis 
solved. The chyle samples were layered under saline and centrifuged for 30 
minutes at 100,000 g. The results are presented in Table I, where it can be 
seen that the feeding of cholesterol led to a threefold increase in the cholesterol 
content of the chylomicrons. The same effect can be observed in data pub- 
lished by Byers and Friedman."* The feeding of large amounts of lecithin, on 
the other hand, did not raise the concentration of phospholipid in the ehylo- 


microns. This was true despite the fact that the concentration of total lipid 


in this chyle sample was just as great as after olive oil feeding. This indicates 





566 BRAGDON J. 1 yo 
that practically all of the phospholipids fed were hydrolyzed in the intestine 
and that their fatty acids appeared as triglycerides in the chylomicrons. The 
phosphorus-containing moiety was apparently transported via the portal sys- 
tem. These findings confirm those of Byers and Friedman'® who compared 
the total chyle content of phospholipids after feeding olive oil with that after 
feeding olive oil containing cholesterol and phospholipid. The addition of phos- 
pholipids to the oil did not inerease the total amount of phospholipid in the 
chyle. Bloom and associates'® and Blomstrand™ fed rats either phospholipids 
labeled with C™ in the fatty acids or triglycerides labeled in the fatty acids. 
They then compared the distribution of the label between the phospholipids 
and the triglycerides of the whole chyle. After feeding labeled phospholipids 
a greater percentage of the absorbed label was in ehyle phospholipids than 
after feeding labeled triglyceride. Both coneluded that most of the fed phos- 
pholipid had been completely hydrolyzed, but that a small amount had ap- 
parently been absorbed intact. 


2. The Protein Content of Chyle Chylomicrons.—Chylomicrons were pre- 


pared under the centrifugal conditions suggested by Lindgren, Elliott, and 
Gofman.'* Whole chyle was layered under saline and centrifuged for 10 
minutes at 9,500 g only. Only that material which had packed out at the 
top of the tube was recovered. This was re-emulsified in saline and centri- 
fugation repeated 4 times. These centrifugal conditions were not sufficient to 
pack out all the light-seattering particles, so that many were discarded after 
each centrifugation. It is impossible to define exactly which classes of chylo- 
microns were represented in the final material, nor is there any reason to be- 


lieve that they were homogeneous. This represents the very lowest density 


chylomicrons and the protein content as a percentage of total weight was 0.2 
per cent. Assuming inhomogeneity, it is possible that some of the particles 
were actually protein-free. Chylomicrons separated under these conditions 
also contain less phospholipid than do those recovered after 30 minutes at 
100,000 @. 

Beeause in the above preparation so much light-scattering material was 
lost at each centrifugation, the usual procedure adopted was to use the greater 
centrifugal foree described above and to wash the chylomicrons under the 
same conditions. It must be realized that these are sufficient to cause some 
of the denser, non-light scattering lipoproteins, should they be present, to reach 
the top of the tube. That they did not constitute a significant contamination 
was shown by two methods. Analytical ultracentrifugation showed no lipo- 
proteins of density greater than Sf 400 to be present in detectable amounts. 
Further, when a cannulated rat was fed palmitic-acid-C™ without carrier fat, the 
specific activity of the lipids recovered after the 30-minute centrifugation was 
just as great as the specific activity of the lipids recovered after the preliminary 
10-minute centrifugation. This indicated again that there was no significant 
contamination by preformed lipoproteins which might have been present in 
the chyle as a transudate from blood. 
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Chylomicrons obtained from rats absorbing olive oil, prepared and washed 


by 30-minute centrifugations at 100,000 g, contain approximately 0.5 per eent 
protein. 

3. The Nature of the Lipid-Protein Binding.—Beeause Robinson® believed 
he could completely remove the protein from chyle chylomicrons by repeated 
washing, he concluded that it was not an integral part of the chylomicron 
structure but was merely adsorbed to the surface when the chylomicrons were 
first separated from the chyle. Table II presents the results of repeated cen- 
trifugal washings through physiologic saline of a sample of rat chylomicrons 
and a sample of human chylomicrons. The latter were obtained from a patient 
with chylothorax. The centrifugal conditions were 30 minutes at 100,000 g and 
it ean be seen that consecutive washings did not reduce the protein content 
of either sample. It is believed that Robinson’s failure to find protein was the 
result of inadequate analytic methods. He extracted the chylomicrons in a 
two-phase ether-water system and measured the nitrogen in the water phase 
by the Kjeldahl method. The nitrogen contributed by the phospholipids had 
to be subtracted. 


TABLE Il. THe Errect or REPEATED WASHINGS ON THE PROTEIN CONTENT OF 
CHYLE CHYLOMICRONS 


PER CENT PROTEIN 
NO WASHES 


0.55 
0.58 
0.59 


Lindgren® has suggested that chylomicrons may consist of a lipid core 
surrounded by a protein shell. Bull'’® has shown that 1 mg. of protein in a 
monolayer occupies an area of approximately 0.78 M.*. For a lipid sphere with 
a diameter of 0.5 » it ean be ealeulated that sufficient protein to cover the 
surface would comprise 1.5 per cent of the mass by weight. Chylomicrons 
from ehyle do not contain this much protein. Robinson*® has shown that 
chylomicrons are disrupted by exposure to Clostridium welchii lecithinase, sug- 
gesting that the stability of the chylomicrons in an aqueous medium is at least 
partially maintained by the phospholipids which they contain. 

4. The Origin of Chylomicron Protein—It is well known that the prin- 
cipal route of absorption of amino acids is via the portal vein to the liver. If 
chylomicron protein were synthesized de novo in the intestinal wall, the feed- 
ing of labeled amino acids along with fat to a cannulated rat should result 
in high specifie activities in the chylomicron protein shortly after feeding and 
this high activity should fall off rapidly as the absorbed label became diluted 
in the larger amino acid and protein pool of the entire animal. On 3 separate 
oceasions a rat was fed a mixture of labeled amino acids with olive oil. In 
each instance the specifie activity of the chylomicron protein was highest in the 
first hour. Only the third of these experiments will be reported in detail. 
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On the day following cannulation a rat that was eating ground pellets 
saturated with olive oil was fed by stomach tube a mixture of the following 
amino acids labeled with C™: 


glycine, leucine, lysine, phenylalanine, serine, 
and valine. 


The total radioactivity was approximately 130 ye. Collections 


of lymph were made hourly for the first 6 hours and thereafter from the sixth 
to thirteenth and from the thirteenth to twenty-first hours. The flow varied 
from 2 to 3 ml. per hour. This amount from each of the 8 collections was layered 


under saline and the chylomicrons were separated and washed as described above. 
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Fig. 1.—The specific activities of chylomicron protein (4), lipoprotein protein (@), and 
residual proteins (O) of the chyle after the feeding of C-labeled amino acids in a rat. In 
each case the points have been plotted midway through the collection period. 

The final preparations were extracted in ethanol-acetone in duplicate. The pro 
tein content was determined on one of these, and the radioactivity was determined 
on the other, after washing the precipitates in additional ethanol-acetone to free 
them of lipid radioactivity. The infranatant chyle from the first centrifugation 
was again layered under saline and recentrifuged for 30 minutes to free it of 
any possible chylomicron contamination. The upper layer from this centrifu 
gation was disearded. The chyle infranate was then brought to a saline density 
of 1.21 by the addition of an appropriate amount of NaCl and KBr and centri- 
fuged for 25 hours in the 40.3 rotor at approximately 114,000 g. By this means 
all the lipoproteins, which in the rat are predominantly high-density (alpha-1) 
lipoproteins, were separated from the residual proteins. Both lipoproteins and 
residual proteins were exhaustively dialyzed against physiologic saline to free 
them of excess salt and any free amino acids. The specific radioactivity of 
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these proteins was also determined. Fig. 1 shows the results expressed as counts 
per minute per microgram of protein for each fraction plotted against time. 
It can be seen that the specifie activity of the chylomicron protein was at a 
high maximum during the first hour, and that it far exceeded the specific activity 
attained at any time by any other fraction. It fell rapidly from its initial high 
values. The specific activity of the lipoproteins reached a peak during the 
second and third hours and then slowly declined. The residual proteins attained 
a maximum activity during the sixth hour and then slowly declined. 

To prove the adequacy of these methods in excluding free amino acids and 
to show the absence of in vitro exchange phenomena between free amino acids 
and proteins, a mixture of the same labeled amino acids that had been fed was 
incubated in vitro with 3 ml. of whole nonradioactive chyle. The chylomicrons 
were separated and washed exactly as in the in vivo experiment. The infra 
natant material, containing in this instance both lipoproteins and proteins, was 
also treated exactly as in the in vivo experiment. Both samples showed radio 
activity only at background levels. 

The rapid appearance of high-specific activity in the chylomicron protein 
following the feeding of radioactive amino acids suggests, but does not prove, 
that part at least of the chylomicron protein is synthesized in the intestinal 
wall 


SUMMARY 


Chylomicrons in chyle are not a homogeneous entity but represent a spec 
trum of lipid-protein particles large enough to seatter light. They consist pri- 
marily of triglycerides, but also of phospholipids, cholesterol, and protein. The 
cholesterol content of chylomicrons ean be increased by cholesterol feeding, but 
the phospholipid content does not inerease following the feeding of phospho- 
lipids. This is interpreted as indicating that practically all of the fed phospho- 
lipids are hydrolyzed in the intestinal lumen and that the phosphorus-contain 
ing moiety is absorbed via the portal system 

Chylomierons of the very lowest density contain 0.2 per cent protein by 
dry weight. The average protein content of the light-scattering particles which 
appear in chyle after fat feeding is about 0.5 per cent. The protein content ean- 
not be reduced by repeated washings through phy siologie saline, indicating that 
protein is an integral part of the chylomicron, although it is insufficient in 
amount to eover the ehylomicron surface. Following the feeding of radio- 


actively labeled amino acids, the protein of the chylomicrons shows its highest 


specific activity in the first hour. Thereafter the specific activity falls rapidly. 


This suggests, but does not prove, that at least some of the chylomicron protein 
is synthesized in the intestinal wall. 
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KXPERIMENTALLY INDUCED PERMANENT UNILATERAL RENAL 
DISEASE IN DOGS 
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Ricuarp R. Dewey, M.D.,.* Harvey R. Bernarp, M.D., Anp 
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Sr. Louts, Mo. 


ETAILED investigation of the functional capacity of the contracted kidney 

in man has been impeded by a number of technical and coneeptual ob- 
stacles. Of major importance among these have been: (1) the diffieulty in 
establishing the precise relationship between clearance values and specifie renal 
functions in the presence of advaneed renal insufficiency; (2) the infrequent 
opportunity to relate data obtained from the patient with Bright’s disease to 
control observations from the same subject; and (3) the inability to document 
the specific effeets of body fluid abnormalities and adaptive changes in glo- 
merular-tubular balanee, evoked by the renal disease, on the funetion of the 
persisting nephrons. 

One means of circumventing these obstacles would be to dé velop techniques 
for inducing chronic renal disease in a_ single kidney of experimental 
animals. The presence of one normal kidney and one contracted kidney in the 
same animal, in which both kidneys may be studied serially and simultaneously, 
would appear to offer several advantages. The functions of the diseased kidney 
may be compared with control values (i.e., before induction of the lesion) of 
the same organ. In addition, data from the experimental kidney may be 
related to the coneurrent values of the contralateral intact kidney throughout 
the course of the disease. Comparisons of this nature would provide a basis 
for assessing the validity of the experimental methods used in studying the 
contracted kidney. Moreover, the fact that both diseased and intact kidneys 
reside in a common internal environment, receive the same extrarenal stimuli, 
and are perfused with glomerular filtrate of identical composition enhances the 
value of the comparison in evaluating the functional capacity of the diseased 
organ. 


The presence of the intact kidney could offer another significant advantage. 


Regardless of how extensive the disease is in the experimental kidney, the total 


complement of nephrons of the unaltered kidney would remain intact. , Hence, 
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the existing (bilateral) nephron population must always exceed 50 per cent of 
the original number. Because of this, major alterations in the chemical com 
position of body fluids would be prevented. Moreover, adaptive changes in 
nephron function, which might be initiated by the more severe diminution of 
total nephron population occurring in bilateral renal disease, would be mini 
mized. Administration of specifie solutes (e.g., urea) either on a short-term 
or long-term basis would permit the investigation of the influence of body fluid 
alterations on the function of the contracted kidney; the ultimate removal of 
the normal kidney (either in a single procedure or by successive partial ne 
phrectomies) could reveal the occurrence and nature of changes in glomerular 
tubular balance. Any measureable adaptive changes developing in the intact 
kidney, prior to its removal, would also be diseernible by comparison of serial 
clearance values of this kidney with its control values. 

The present report deseribes observations on the experimental induetion 
of chronie unilateral renal disease in dogs. 


METHODS 


Experiments were performed on female mongrel dogs weighing 10 to 20 kilograms. A 
preliminary bladder-splitting surgical procedure was performed in order to provide each 
kidney with a permanent hemibladder. The method, as described by Desautels,2 consists of 
dividing the urethra approximately 2 em. from the bladder and ligating the distal end. The 
proximal urethra and bladder are split longitudinally, carefully incising the trigone midway 
between the ureterovesical orifices. Each hemibladder is then closed over a flanged poly 
ethylene catheter (internal diameter, %g inch) by a continuous inverting suture. The 
catheters, which are 10 em. in length, are brought to the exterior through stab wounds ir 
the right and left anterior abdominal wall. Urine drains freely through the plastic tubes 
and, providing appropriate precautions are taken to prevent obstruction, the animals will 


remain healthy and free of significant pyelonephritis for indefinite periods. 


Induction of Unilateral Renal Disease.—After obtaining control clearance studies to 
evaluate the functional interrelationships of the two kidneys, unilateral renal disease is 
induced in the following manner (Fig. 1). Employing sodium pentobarbital anesthesia, a 
mid-line abdominal incision is made and both kidneys are exposed, examined grossly, and 
biopsied. One kidney* is mobilized and the renal artery and vein are freed by blunt dissec 
tion from the hilus to the aorta and inferior vena cava, respectively. The capsular blood 
supply is interrupted to prevent collateral circulation during the perfusion procedure. The 
renal artery is then oceluded by a small bulldog clamp, thereby rendering the kidney totally 
anoxic, and a Mulligan vein clamp is placed on the vena cava at its junction with the renal 
vein. The Mulligan clamp is closed, and a small incision is made in the vena cava near the 
entrance of the renal vein. A polyvinyl catheter is passed through the stab wound into the 
renal vein where it is secured with umbilical tape. A 22 gauge needle is then inserted into 
the renal artery between the bulldog clamp and the kidney. Care is taken to place the 
needle proximal to any bifurcation of this artery. After the kidney has been anoxie for 30 
minutes, it is perfused over a 10-minute period with 100 ml. of isotonic saline containing 
from 0.75 to 3.0 Gm. of an aminonucleoside (6-dimethylaminopurine-3-amino-p-ribose).t The 
perfusing solution is drained to the exterior through the catheter in the renal vein and 


recirculation is thereby prevented. After completion of the perfusion, the catheter in the 


renal vein is removed and the incision in the vena cava closed with 5-0 arterial silk. The 


*The right kidney has been found to be technically more satisfactory because of the 
greater ease of catheterizing the right renal vein through the inferior vena cava 

tThe aminonucleoside was generously supplied by the Lederle Laboratories Division, Pearl! 
River, N. Y. 
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Mulligan and the bulldog elamps are removed, and renal blood flow is re-established. The 
total period of renal anoxia is approximately 60 minutes. When blood loss is excessive, 
transfusion is performed prior to completion of the procedure. With increasing proficiency, 
iowever, blood loss has been minimal and transfusion avoided 

Clearance studies were performed with the animals in the unanesthetized state and the 
standing position, loosely supported by an infra-abdominal sling. Details of the clearance 
procedures and analytic techniques have been described previously. Bilateral renal biopsies 
were obtained surgically in the control state and serially after induction of the lesion. Blood 
pressures were measured on a Sanborn direct recording apparatus, using a 20 gauge needle 


in the femoral artery 








Vena Cava 


Aorta 


Induction of unilateral renal disease See text for description 


RESULTS 


Induction of unilateral renal disease has been successfully accomplished 
in & dogs. A moderate to severe decrease in function of the experimental 
kidney has been noted in each of these animals. Serial renal function studies 
on 3 animals with marked lesions are shown in Fig. 2. The depression of renal 
function has been maximal in the period immediately following the experi- 
mental procedure. This presumably reflects, in part, a reversible component 


secondary to the prolonged anoxia sustained during the renal perfusion. <A 


limited inerease in funetion has typically oeceurred over a period of 6 to 8 weeks, 
following which clearance values have stabilized at levels appreciably below the 
control values. In one of the 8 dogs, a delayed decrease in function of the ex 
perimental kidney occurred. In two others, a secondary increase in glomerular 
filtration rate and renal plasma flow was noted after several months. The latter, 
however, was accompanied by proportional changes in the intact kidneys and ecan- 
not be aseribed to reversal of the lesion in the diseased kidney. 


*We are indebted to Dr. Philip Comens, Hypertension Division, for obtaining thes« 
measurements, 
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Because subeutaneous injections of the aminonucleoside employed in the 
present studies have been noted to induce a nephrotic syndrome in rats,* 
urinary protein exeretion and plasma protein values were determined serially. 
Marked proteinuria from the experimental kidney (i.e., 3 to 4+ qualitative re 
action with Esbach’s reagent) was noted only during the first few days follow 
ing induction of the lesion and thereafter only trace to 14+ concentrations oc 
eurred. The urine from the intact kidneys was unaffected by the contralateral 
perfusion procedure. Determinations of plasma total protein and albumin 
levels after induction of the lesion revealed no consistent change from the 


control values in any of the animals. 


) 
504 





4 


GFR 304 
cc /Min 


104 


ie) 


504 





4 


30-4 


4 











T lo 8 T T 7 T a 
3 es SF 8 F 2 3 45 
MONTHS FOLLOWING INDUCTION OF UNILATERAL RENAL DISEASE 





T wy 


ee 


Fig. 2 Serial bilateral renal function studies following induction of unilateral renal 
disease GFR glomerular filtration rate ERPF effective renal plasma flow Open cir 
cles = intact kidney; closed circles experimental kidney; arrows indicate time of induction 
of lesion. 


Anatomically, the experimental kidneys showing significant functional im 
pairment have developed marked alterations. Decrease in renal mass has 
occurred over a 2- to 4-month period such that the kidneys have become con- 
tracted often to less than 25 per cent of their original size. The surface of the 
contracted kidneys has generally been smooth (Fig. 3, A), although in one dog 
gross lobulations were present (Fig. 3, B). Microscopically, changes not unlike 
those seen in human Bright’s disease have been noted. The major abnormalities 
are shown in Fig. 4 and are contrasted with the normal appearance of the 
intact kidney from the same animal. The changes inelude: dilatation and 
atrophy of tubules; formation of casts within the tubular lumina; interstitial 
fibrosis; decrease in size of glomerular tufts; dilatation of Bowman’s space 
with deposition of proteinaceous material therein ; and thickening of glomerular 
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capsular epithelium and basement membranes. The intact kidneys have shown 
no consistent structural abnormalities. The majority of arterioles in both 
kidneys remained normal. 

Clinieally, the animals retained their general well-being and vigor. They 
demonstrated no evidence of edema-formation on an unrestricted diet; and 
neither hypertension nor progressive anemia developed. Only minimal eleva- 
tions of plasma urea and creatinine levels occurred and these were commensurate 
with the over-all decrease in the combined values of glomerular filtration rates 
for both kidney 8. 


Fig. 3. i, Contrasting appearance of the contracted kidney with the contralateral intact 
organ in a dog autopsied 9 months after induction of the lesion The difference in weights 
was fourfold. The mass of the intact kidney is approximately 60 per cent of what it 
Vivo This is due to the fact that a heminephrectomy was performed two days prior 
death of the animal. #8, Contrasting appearance of the contracted kidney with the intact kid- 
ney in an animal autopsied 5 months after induction of the lesion The gross lobulations 
present in the contracted kidney were not noted in any of the other animals. 


DISCUSSION 


The technique deseribed appears to offer a reproducible method of inducing 
chronie renal disease in dogs. The lesion is characterized by contraction of the 


kidney, the appearance of histologic abnormalities in persisting nephrons and a 
decrease in clearance values. Within the limits of the analogy between this 
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lesion and that of chronie Bright’s disease in man, the experimental model may 
aid in clarifying certain aspects of the functional capacity of the diseased human 
kidney 

The mechanisms by which the perfusion procedure lead to the development 
of a contracted kidney are unknown. Necropsy findings have shown no evidence 
of occlusion of either the renal artery or renal vein; and, in one dog with a 
severe lesion (glomerular filtration rate + ml./min. experimental kidney; 
38 ml./min. intaet kidney), a translumbar aortogram performed within 2 weeks 
of the perfusion procedure demonstrated both renal arteries to be patent and 
to have approximately the same luminal ealiber. The duration of renal anoxia 
appears to be one important contributory factor. Thus, it has been found that 
perfusion of the aminonucleoside solution through kidneys rendered anoxie for 


under 30 minutes is attended by the development of a less severe functional 


Fig. 6 Serial histologic changes in a kidney subjected to a sham procedure ° 
of the experimental kidney in the control state showing normal glomeruli and tubules. _B 
opsy of the same kidney taken 14 days after perfusion with saline Glomeruli are normal but 
some of the tubules contain casts and have vacuolated epithelium (see arrows) C, Section of 
the same kidney, 41 days after the “sham” injection, showing essentially 


tubules (Magnification «150; reduced \.) 


normal glomeruli and 


and anatomic lesion. Similarly, when the collateral circulation to the kidney 
persisted during the perfusion procedure (as evidenced by bloody venous return 
through the renal vein eatheter throughout the period of perfusion), the de- 


erease in function was only moderate and unsustained. Anoxia per se, however, 
cannot be incriminated as the sole etiologie factor, for, in both dog and man, 
kidneys deprived of their blood supply for 90 minutes have been found to 
regain essential functional integrity.*»° Moreover, preliminary observations 
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suggest that the combination of anoxia plus the perfusion procedure (using a 
saline solution without the aminonucleoside) will not induce the above-deseribed 
lesion. In dogs subjected to this type of sham procedure (Fig. 5) an initial 
decrease in clearance values has been noted in the experimental kidney. How 
ever, over a 6- to 8-week period, renal function has typically increased to 
approximate that of the contralateral organ. Serial histologic studies on an 
animal subjected to a sham procedure are shown in Fig. 6. In the control state 
renal function was equal bilaterally, and the biopsy of the experimental kidney 
(Fig. 6, A) showed no histologic abnormalities. The second biopsy was obtained 
on the fourteenth day when the experimental kidney demonstrated functional 
impairment (creatinine clearance 53 per cent of intact kidney). Swelling 
and degeneration of tubular epithelial cells were present (Fig. 6, B). The final 
biopsy was obtained on the forty-first day at which time functional recovery 
had occurred (creatinine clearance 106 per cent of intact kidney). Onl) 
slight evidence of persisting morphologic abnormalities persisted (Fig. 6, C 

At autopsy both kidneys were of normal size, and the experimental kidney 
demonstrated none of the changes seen in the animals perfused with the 


aminonueleoside solution. 


The hypothesis is currently being investigated that the aminonucleoside, 


in the presence of sustained anoxia, is responsible for the development of the 


renal lesion. Some precedent for assigning a causal role to the aminonucleoside 
is found in the recent studies of Frenk and associates* and Fiegelson and co- 
workers. Both groups have noted that the chronie administration of the 
aminonucleoside will induce a nephrotie syndrome in rats. Moreover, aminonu 
cleoside nephrosis in rats is frequently associated with the development of 
progressive azotemia. What property or properties of the aminonucleoside 


may result in permanent alteration of nephrons, however, is unknown. 


SUMMARY 


A method has been developed for inducing unilateral chronie renal disease 
in dogs. The technique consists of perfusing the anoxic kidney with 100 ml. 
of isotonic saline containing from 0.75 to 3.0 Gm. of 6-dimethylaminopurine-3- 
amino-p-ribose. The outflow from the kidney during the perfusion is directed 
to the exterior through an inlying renal venous catheter, thereby preventing 
recirculation of the perfusate through the vascular bed of the contralateral 
kidney. The results of experiments to date indicate that this procedure will 
result in permanent impairment of function, marked histologic abnormalities, 
and ultimate contraction of the involved kidney. The contralateral (intact) 
kidneys have shown neither functional nor anatomic abnormalities. 

The presence of one intact kidney and one diseased kidney in the same 
animal has provided an experimental model appropriate for investigation of 
the functional capacity of the contracted kidney. 


We wish to thank Mr. Frank Deitz, Miss Claire Klein, and Miss Tove Kirkensgaard for 
invaluable technical assistance. 
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MATERIAL IN SYSTEMIC LUPUS ERYTHEMATOSUS 
CORRELATION WitH THE L.E. CeLL PHENOMENON AND THE CLINICAL STATUS 
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F pcan simultaneously 4 reports have appeared within the past several 
months’ which deseribe unique serologic reactions that can be developed 
in the serum of some patients with systemie lupus erythematosus (S.L.E. 
These observations follow by almost 10 years the first identification by Hargraves 
and associates® of the L.E. cell phenomenon which very likely is the result of 
similar serologic abnormalities in this disease. The L.E. cell phenomenon has 
been repeatedly confirmed as a nuclear alteration pathognomonie of S.L.E.; its 
tissue counterpart, the hematoxylin staining body, has likewise been identified 
as a peculiar modulation in fixed tissue cell nuclei. 

The recent serologie studies have disclosed that, in S.L.E., complement 
fixation reactions develop when cell nuclei, nucleoprotein, or desoxyribonucleie 
acid (DNA) have been used as the ‘‘antigen’’ in the reaction. The reactant 
factor or factors in the serum of these patients appear to be gamma globulin 
fractions which may be similar to or identical with the serum factor responsible 
for the L.E. cell phenomenon. 

Sinee the latter is quite speeifie for S.L.E. it would be of interest to 
know whether the DNA and cell nuclei complement fixation tests are likewise 
so selective. The initial reports on these tests gave only a partial answer to 
this question. The controls selected invariably showed negative results but they 
were composed largely of ‘‘normal sera’’ or were obtained from ‘‘ miscellaneous 
diseases showing high levels of gamma globulin.’’ Two series contained sera 
from a number of patients with rheumatoid arthritis but almost no deter 
minations have been made on other of the ‘‘collagen’’ diseases. 

The purposes of this report will be to expand on the following : (a) to 
re-emphasize the fact that complement fixation reactions to DNA and leukocyte 
material (presumably primarily nucleoprotein) do develop in certain patients 
with S.L.E. and to correlate the results of the complement fixation tests with 


the L.E. cell phenomenon and the clinical status of the patient; (b) to test 
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serologically a number of patients from most of the other accepted categories 
of connective tissue disease in order to further determine the specificity of 
these tests: and (e) to deseribe in some detail the sequence of clinical and 


serologic events that transpired in one patient with evolving S.L.E. 


MATERIALS AND METHODS 
DNA _ Isolation—DNA was obtained from surgically resected normal human spleen. 


Nucleoprotein was separated by repeated homogenization of tl tissue in a cold normal 


saline and Versene solution at pH 7.0. It was then d 


ssociated bv : er cent w/v 


sodium xylene sulfonate. After threefold dilution with distilled water, precipitated protein 


and other insoluble debris was removed by fi ion with the aid of graded celites on 


sintered glass funnels. DNA was collected afte repeated reprecipitation witl 0.54 


volume 


of isopropyl aleohol in the presence of 0.3 acett at pH 7.0. Samples of DNA 


btained by these methods were free of measurable protein o1 bonucleic acid contaminants 


id hydrolysates showed no amino acic or ura on paper-partition chromatography 


e limits of deteetion \ 0.01 per olution of DNA in Kolmer saline was used 


est proce dure x. 


Leukoc ute P eparation Ihe leukoc yt prepared in the 
following manner. Twenty-five milliliters of blood w: vn from a pat t with myeloid 


metaplasia, and collectes i 5 mil, « a 5 per i lution o The leukoeytes 
vere separated by the addition of commer ver cent solution, 


counts 


ked by centrifugation, and resuspended to volun ‘ t aline. White cell 


revenled that approximately O.176 10 tota eukoe vte Ww resent.” The cell suspension 


was then diluted with approximately 7 volumes o upon continued shaking, 


tenacious stringy material, resembling he solution. The 


entire content was then centrifuged for n ite gy, supernatant discarded 


and the sediment was resuspended to the « Kolmer saline. It was 


stored in the refrigerator, stirred thoroughly efore each t . and used without further 


dilution as the leukocyte ‘‘antigen’’ procedures described below. 
Compl ment Firvation Techn que. avent were ad ted in Kolmer saline and each 


was run as follow to 0.1 mil, of t ul { ated for 30 minutes at 56° ¢ 


was added 0.15 ml. of Kolmer saline, 0.25 ml. of : gen (DNA 0.01 per cent or leukocyt 


material), and 0.5 ml. of guinea pig compleme 2 un The suspension was incubated 
at 4° C. for 18 hours and subsequently warmes minutes. Then 0.5 ml. of a 
2 per cent suspension of thrice washed sensitize: added and the test was read 


after further incubation at 3 } ! hour was run with each test 


The results were recorded through 0, no fixation 


complete hemolysis lt positive wer + to 4 


in degres Antigen dilution, ten in a few cases usually 


did not cause a significant decrease in complement ‘ and in fact appeared to enhances 


it in some tests. Neither the DNA nor leukoeyvts 


vas anticomplementary in the 


coneentrations used One serum was anticompler oceasions when it was tested. 


RESULTS 
Analysis of Clinical and Serologic Features in S.L.E.—As demonstrated in 
Table I, 7 of 20 patients with previous or current evidenee of S.L.E. have 
shown positive complement fixation reactions to DNA and 5 of 16 to leukocyte 
lysate substance. All of the persons with positive tests had severe systemic 


*Equivalent to roughly 12.0 mg. of DNA 
tPatient Ca 
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clinical disease at the time of testing or had been through stormy periods 
within recent months. Two of the 7 died of their disease within a matter ot 
days or weeks. On the other hand, among the 13 with negative complement 
fixation reactions 3 had severe clinical disease, although in 2 the disorder was 
largely confined to the kidneys with progressive uremia in each instance as 


the major clinical component. 


TABLE I. COMPARISON OF CLINICAL SITUATION AT TIME oF Stupy With Strenoctu L.E 
CELL PHENOMENON AND COMPLEMENT FIXATION REACTIONS 


CLINICAI L.E. CELI COMPLEMENT FIXATION 
PATIENT STATUS FORMATION DNA LEUKOCYTE 
Do. M Severe Strong 
Su. F Severe to det Strong 
Fa. M Severe to des Strong 
Ca. F Severe Strong 
De, | Moderate Weak 
Og. I Moderate Strong 
Ga. F Severe Strong 
FE Severe to des Weak 
} Severe Strong 
M Moderate Strong 
F Moderate Weak 
M Moderate Weak 
M Moderate Weak 
Fr Moderate Weak 


I Moderate Negative 
| Severe to death" Negative 
» I Moderate Negative 
We. F Mild Negative 
I 
N 


Ro 
Rom. 


*Chiefly renal involvement 


Remission Negative 
{ Remission Negative 


tAnticomplementary 


Analysis of this series of eases reveals a variable degree of correlation 
between the L.E. cell test and the complement fixation reactions to both DNA 
and leukoeyte material. In all cases where the complement fixation tests were 
positive, L.E. cells were found repeatedly, even in sera that had been frozen 
for several months prior to study. In 7 other cases, however, L.E. cells were 
present, oftentimes repeatedly and in significant numbers, while the comple 
ment fixation tests remained consistently negative. Henee the L.E. cell 
phenomenon appears to be a more sensitive index of the presence of S.L.E 
whereas the serologic reactions against DNA and leukocyte material suggest the 
presence of a severe disease state. The sole instance in which the L.E. cell 
test was negative and a serologic test positive will be described later. 

Among the 6 cases labeled as S8.L.E. in this series with negative L.E. cell 
formation at the time of this study, 2 were in clinical remission but had pre 
viously demonstrated L.E. cells and 1 was in relapse but had shown L.E. cells 
on several occasions in the previous year. Another had, primarily, renal 
localization of the L.E. disorder as proved by renal biopsy and subsequently at 
autopsy; the 2 remaining eases had many features of S.L.E. ineluding 
variable leukopenia (1 case), chronic or variable biologie false positive serologic 


tests for syphilis (both eases), arthritis and arthralgias (both cases), vasculitis 
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by biopsy of musele (1 ease), and dermal manifestations (both eases). In all 
6 of these persons with current absence of the L.E. eell phenomenon, the 


complement fixing responses were likewise negative. 


The Effect of Serum Absorption Upon the L.E. Phenomenon.—Ten of the 
sera that showed the ability to induce L.E. cell formation were absorbed with 
DNA or with the human leukocyte material. Postabsorption study of the sera 
for its ability to form L.E. cells disclosed that in no instance was the phenome- 
non inhibited by the leukocyte material and in only one ease (Do.) did DNA 
abolish or significantly diminish this test. The latter was confirmed by study 
of 6 sera obtained at different times in this patient. It is of interest to note in 
this respect that serial serologic studies in this patient disclosed a close temporal 
relation between the appearance of a positive L.E. cell test and a DNA com- 
plement fixation reaction (Fig. 1 

An impression was formed that on several occasions absorption by both the 
nuclear material and especially the DNA caused a slight quantitative reduction 
in the number of L.E. cells formed. Furthermore, many of the L.E. bodies 
formed after absorption in some cases seemed to retain coarse chromatin clumps 
which suggested that there was some qualitative inhibition of complete meta 
morphosis of the L.E. cell phenomenon. 


Results of Complement Firation Tests in Other Diseases.—As demon- 
strated in Table II, the serum from 53 persons with various diseases was tested 
for complement fixation reactions with DNA and most of them were also tested 
against leukocyte material. The reactions in all instanees were negative. In 
the selection of these sera particular emphasis was placed upon securing 
samples from persons with other connective tissue and rheumatic diseases since 
it is in this group that 8.L.E. will on oceasion make its appearance. It is 
particularly significant that all the tests were negative in this seleet group 


TABLE II. TABULATION OF OTHER DISORDERS 


Negative Complement Fixation Reactions in All Instances 


DISORDER NUMBER STUDIED 
Rheumatoid arthritis 17 
Rheumatoid spondylitis 
Dermatomyositis and polymyositis 
Scleroderma 
Diseoid L.E. 

Polyarteritis 

Arthritis with psoriasis 

Gout 

~ 
Total 53 


*Including 4 cases with chronic biologic false positive reactions, 
Wassermann reaction, and 3 with significant hyperglobulinemia. 


Miscellaneous (nonrheumatic) dis . 1 


2 with a true positive 


Serial Observations in a Patient With S.L.E.—Do. is a 16-year-old boy whose initial 
symptoms appeared in September, 1956. In the ensuing 19 months he has demonstrated at 
one time or another many of the classical signs of S8.L.E. Sporadic clinical features in his 
ease have included a typical skin eruption, pericarditis, and probable myocarditis, leukopenia 
(950 white blood cells per ¢.mm. on one occasion), mild renal disease, pleurisy, fever, and 
bueeal mucosal ulcerations, There was a history of ‘‘acute nephritis’’ in early childhood. 
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1 are recorded pertinent data concerning his clinical course and prednisone dosage 

as well as multiple studies of L.E. cell formation and complement fixation reactions over a 
15-month period. Of particular interest in these serial laboratory studies are the following: 
a) repeatedly negative L.E. cell tests during the early stages of the disease; (b) the 
emergence of a positive complement fixation test for the leukocyte lysate material on two 
occasions in May, 1957, when the tests for L.E. cells and DNA reactants were still negative; 
c) simultaneous appearance in early June, 1957, of factors in the serum that induced L.E. 
cell formation and fixed complement in the presence of DNA. The reactions developed 
despite significant dosage levels of prednisone; (d) persistence of strongly positive reactions 
on all 3 tests throughout the next 7 months; (e) the appearance, in two separate fresh 
uncontaminated sera in February and March, 1958, of a strong anticomplementary response 
against sheep red blood cells with, however, persistence of a positive L.E, cell phenomenon; 
and (f) reversion to negative of both complement fixation reactions and the L.E. cell test 
2 weeks later, apparently coinciding with significant clinical improvement on a higher steroid 


dosage. 


Do « I6 
weBc 


LYSATE CF + Ac AC O 
DNA CF + + ac AC O 
LE CELLS + # © 


AC=ANTI-COMP 


SEVERITY 
OF CLINICAL 5) 
SYMPTOMS 


ie) 


40 
DAILY 
PREDNISONE 
DOSAGE, mg. 20 





0 


1957 
#% LEUKOAGGLUTININS NEGATIVE 


Comparison of serial serologic and L.E. cell tests, clinical status, and steroid dosas 
in one patient with evolving 8S i 


DISCUSSION 


There is accumulating an impressive body of evidenee that one of the 
primary alterations in the disease S.L.E. is a morphologie and perhaps cyto 
chemical derangement in the nuclear components of cells in several tissues and 
organs in persons afflicted with this disease. More than 25 years ago, Gross’ 
recognized the hematoxylin stained bodies in tissue sections from eases of S.L.E. 
to be the result of morphologie alterations in nuelei. Considerable impetus 
was afforded for this concept by the discovery in 1948 of another nuclear 
modification, the L.E. cell phenomenon.* The L.E. cell test provides an in 
vitro counterpart of the tissue hematoxylin body and persists as a hallmark in 
the diagnosis of the disorder. Bits of evidence began to appear in the ensuing 


years that immunologic factors were involved in the induetion of the observed 
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morphologie phenomena. These data ineluded (1) the discovery of agglutinins 
for leukocytes in a high percentage of the sera from patients with this disease 
and (2) the localization in the gamma globulin compartment of the serum 
proteins of the factor responsible for the L.E. cell phenomenon. The most direet 
evidence for the presence of reactants against nuclear components in the 
serum of patients with S.L.E. has appeared, however, in the past few months 
with the demonstration by several immunologic techniques (complement fixa- 
tion, hemagglutination, precipitation, and fluorescent antibody methods) of 
reactions between intact tissue nuclei, isolated cell nuclei, nucleoprotein, purified 
DNA or nuclear histone, and components in the serum of many patients with 
S.L.E. 

Questions have been raised over the specificity of the L.E. cell phenomenon 
since morphologically identical bodies have been found in persons with other- 
wise typical rheumatoid arthritis and various types of drug sensitivity ineluding 
penicillin allergy and hydralazine ingestion. There is no way at the moment to 
decide whether such eases are examples of a different disease or whether in 
fact they represent subclinical lupus which is brought to the level of clinical 
or laboratory recognition by one means or another. Further evidence such 
as that embodied in these recent serologie tests ean, it is hoped, do much to 
resolve these problems 

Skepticism as to the specificity of these new complement fixation tests 
will undoubtedly develop. In an attempt to evaluate this question of specificity 
a rough analysis has been made of the total number of eases of S.L.E. and 
controls tested for reactants against DNA as obtained from the 4 recent reports’* 
and the present series. These data are listed in Table III. They demonstrate 
that about one-half of the persons with S.L.E. will contain factors in their serum 

antibodies) that will reaet with DNA (or nuclear material) by the usual 


serologie tests. On the other hand, among the more than 320 control sera 


tested, including various conditions that manifest high globulin levels and rep 


resentatives of almost all of the accepted divisions of ‘‘collagen’’ disease, the tests 
have been uniformly negative. It ean be concluded that the specificity of the 


DNA complement fixation test rests upon firm ground. 


TasLe IIL. Toran Cases Testep ror DNA REACTANTS 


Summary from Recent Literature (See Text 


PER CENT POSITIVE 
NUMBER OF CASES | NUMBER POSITIVI RESULTS 
Systemic lupus erythematosus 73 35 {8 
Other ‘‘collagen’’ diseases 
(largely rheumatoid arthritis) 89 0 0 
Other diseases 108 0 0 
‘Normal’’ controls 125+ 0 0 


From information abstracted from the report by Seligman and Milgrom‘ 
plus that from our cases, it ean be predicted that about 70 per cent (13 of 


, 


18) of persons with acute or severe S.L.E. will show a positive result. 
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Is the serum factor which is responsible for the L.E. phenomenon identical 
with that which induces the complement-fixing reactions, or are there multiple 
factors involved? A final answer to this question cannot be given at the 
present time but the eurrent evidence seems to favor the latter. The cross 
absorption experiments conducted by Robbins and associates’ disclosed that 
absorption of active sera with whole isolated nuclei significantly reduced their 
ability to form L.E. cells, but failed to alter fixation with DNA. In contrast 
absorption with DNA significantly reduced the ability of the sera to fix comple 
ment with DNA without altering their ability to reaet with nuclei or to form 
L.E. cells. We have not conducted ecross-absorption experiments but have 
studied the effeet of serum absorption by either DNA or leukocyte lysate 
material on the L.E. cell phenomenon. Our leukocyte material probably was 
composed chiefly of nucleoprotein. It was prepared by a different technique 
from that of Robbins and co-workers and it did not inhibit the subsequent 
induetion of L.E. cells by absorbed sera, but did appear to alter the morphology 
of the subsequent L.E. body.* On the other hand, the L.E. phenomenon was 
almost completely inhibited in one of our 10 active sera after absorption with 
DNA. These results suggest that separate substances are present in L.E. 
serum which may react against nucle? or several components thereof. Further 
proof for this hypothesis is afforded by an analysis of the serial studies reported 
on the patient depicted in Fig. 1. In this ease it appears that at least 3 
reactant factors can be dissected apart in time. It is likely that the situation 
may be even more complex than stated above so that other nuclear ‘‘antigens’’ 
will likely be deseribed in the future. A suggestion in this direction is found 
in the notation by Robbins and associates' that 2 of their strongly positive sera 
demonstrated a low titer complement fixation response against nuclear histone. 

The reported fact that L.E. serum will react against cell nuclei or DNA 
obtained from various organs and from species as far removed as the salmon 
likely attests more to the biologie uniformity of these substances than to the 
lack of specificity of the serum reactant factor in the L.E. patient. 

It has been our impression that in addition to a minor quantitative decrease 
in the number of L.E. cells developed in some eases after absorption of active 
sera with DNA or leukocyte material there is also a qualitative morphologic 
difference in the formed L.E. body. It would be most interesting to investigate 
this feature with the rather precise cytochemical methods recently reported 
by Godman and Deiteh.® 

It would be difficult to predict what these recent serologic observations will 
contribute to the ultimate unfolding of the multisystem disease, lupus ery 
thematosus. It may be that the factors involved are only end result reaction 


products of a more basie defect yet to be clarified. It is safe to conelude, 


however, that their discovery constitutes a significant advance in the attempt to 
unravel the intricacies of S.L.E. 


Furthermore, they appear to foeus more 
and more attention on the nucleus as a prime mover in this disease. 
*The fact that such a preparation can dissociate one reaction from the other, Le. L.E 


phenomenon from complement fixation, is of considerable significance aithough it must be 
admitted that the difference may be a quantitative rather than a qualitative one. 
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SUMMARY 


Complement-fixing reactants against purified desoxyribonucleie acid or 


a lysate of human leukocytes have been found in the sera of 7 out of 20 patients 


with systemie lupus erythematosus. All of these patients had positive L.E. 
cell tests as did several others in whieh the serologie tests were negative. In 
general these tests indicated a severe form of disease and in one ease with 
evolving S.L.E. it was possible to dissociate the 3 reactions over a 16-month 


period. The complement fixation tests were negative in all of over 300 cases 
other than S.L.E. abstracted from the recent literature and from this series. 
Included in this group was a strong representation from almost all of the 


other accepted catagories of connective tissue disease. 
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EFFECT OF INTRAVENOUS FIBRINOLYTIC ENZYMES ON THE 
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A. THOMAS, 


ACTERIAL endoearditis is one of the dreaded diseases of man. Although 

antibiotic drugs have increased the recovery rate from this infection, the 
mortality and morbidity rates have remained significant. For this reason 
there has been a continuing search for means of rendering antibiotie treatment 
more effective in this disease. 


The organisms which commonly cause bacterial endocarditis are readily 
attacked by chemotherapeutic drugs. Nevertheless, the bactericidal actions 
of these agents in the blood may be hindered by the fibrin barrier of the endo 
cardial vegetations even though the blood concentration of the drug appears 
to be adequate. This fact suggests that measures which would reduce the 
fibrinous masses of the lesions should be of adjunctive value in the chemo 
therapy of the infected endocardium. Furthermore, the high fibrin content 
of the valvular exerescences renders them particularly susceptible to acti 
vating agents of the proteolytic plasminogen-plasmin enzyme system. This 


system is effective against fibrin. Streptokinase activates this reaction.’ 


In order to observe the effects of streptokinase on the course of experi- 


mental bacterial endocarditis in dogs, the following experiments were carried 
out. 


METHODS 


Mongrel dogs (7 to 18 kilograms) were anesthetized with sodium pentobarbital. 
The right carotid artery was exposed and an infant-sized laryngeal biopsy forceps (Storz 
N-8490) was inserted into the vessel and advanced to the level of the aortic valve. 
was then removed from the area. With this method, the 


valve or 


Tissue 
coronary cusps of the aortic 
the anterior leaflet of the mitral and chordae tendineae of the mitral valve were 


incised or torn. This aortic or mitral valvular injury occurred with approximately equal 


frequency. Twenty-five per cent of the animals died within 7 days of the operation, 


either from congestive heart failure resulting from valvular damage or from hemorrhage 
and shock due to accidental intimal damage to the aorta. 

It was assumed that valvular injury had occurred when loud systolic or diastolic 
murmurs became audible. The operation was considered unsuccessful in the absence of 
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& murmur. Procaine penicillin (400,000 units) and streptomycin (0.5 Gm.) were ad 
ministered intramuscularly after the procedure. The animals received no more antibiotic 
treatment during the study. 

Control observations were conducted for a week. The pulse rates, rectal tempera 
tures, and quality of the murmurs were recorded daily. Each dog was weighed regularly. 
Blood cultures were obtained, and random animals were followed with erythrocyte sedi 
mentation rates and hematocrit determinations. The animals that developed inanition, 
temperatures of 39.5° C. or above, or signs suggesting heart failure were eliminated from 
the study. 

The dogs that withstood the valvular damage with no evidence of complicating 
infection were then subjected to streptococcal infection. We prepared bacterial suspen 
sions of 4-hour subcultures (of 16-hour cultures) of Streptococcus mitis (JH-26, Lance 
field D) in dextrose-beef heart infusion broth. The animals were given 1 to 4 intravenous 
injections of the bacterial suspension on succeeding days. The development of persistent 
fever of 39.5° C. or more in the presence of a conspicuous murmur was considered indica 
tive of active bacterial endocarditis. The infection was always accompanied by a positive 
blood culture. Anorexia, lassitude, and weight loss were usually present. A change in the 
intensity and quality of the murmurs sometimes occurred during the febrile periods. 

The animals that developed bacterial endocarditis were divided into two general 
groups: (1) control animals and (2) animals treated with fibrinolvtie agents. These 
two groups were then subdivided into the dogs that succumbed to the infection, and those 
animals that were dispatched at specific times following the appearance of endocarditis 

The fibrinolytic enzymes were a preparation of streptokinase (155,000 units) and 
streptodornase (66,000 units).* The substance was administered in saline intravenously 
at approximately 12-hour intervals for 6 injections. In some instances additional injections 
were given. The average amount in each infusion was 465,000 units of streptokinase and 
198,000 units of streptodornase. Fibrinolytic activity of the dogs’ sera was determined 
by clot lysis on incubation (for 1 hour at 37° C.) of blood obtained 15 minutes after 
enzyme administration. Blood fibrinolytic activity before enzyme treatment was also 
noted. 

All of the hearts were examined after death. The chambers were opened after 
fixation in 10 per cent formalin to avoid dislodging endocardial vegetations. Special 
attention was given to the size and site of the valvular lesions. Sections for microscopic 
study were prepared from all hearts whether or not gross lesions were apparent. The 


lungs, liver, spleen, and kidneys were examined in some instances. 


RESULTS 


Forty-nine dogs with significant heart murmurs comprised the total series 
of experimental animals. Of these animals, 7 were followed without bacterial 
injections to observe the natural course resulting from valvotomy. Three of 
these dogs exhibited aortie diastolie murmurs; they survived an average of 4 
weeks and died in acute pulmonary edema. Four dogs (with systolie murmurs 
which lessened in intensity or disappeared during the period of observation 


did not appear ill, and when dispatched 3 to 7 weeks after operation showed 
scant evidence of injury to the valve structures. These dogs were considered 
operative failures. Thereafter, care was taken to exclude the animals that 
failed to exhibit persistent murmurs from the enzyme-treated group. 


Of the 42 animals subjected to valvular trauma and then inoculated with 
Streptococcus mitis, 27 exhibited evidence of bacterial endocarditis at necropsy. 
In general, animals with the most prominent murmurs were more likely to 


*Streptokinase-streptodornase (Varidase) was kindly furnished by the Lederle Labora- 
tories Division, American Cyanamid Company, Pearl River, N. Y 
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develop the lesions. Combined aortie and mitral valvular disease occurred 


more frequently than solitary valve involvement. The location of the infee 
tion, whether aortic, mitral, or both, seemed to have no predictable effeet on 


the clinical course or on the response to intravenous fibrinolysis. 


Effect of Streptokinase-Streptodornase on Survival Time.—Data relative 
to the survival of treated and untreated endocarditis are shown in Table I. 
In general, the dogs that received intravenous enzymes survived only 3 days 
longer than the untreated animals. This difference is not satistically signifi 
eant due to the small numbers of subjects and the wide variation in survival 
times. However, it was not expected that longevity would be influenced by 
the treatment because antibiotics were not administered to eliminate the 
bacterial valve infections. 


TABLE I, COMPARISON OF THE LENGTH OF SURVIVAL BETWEEN THE CONTROL AND 
STREPTOKINASE-TREATED ANIMALS 


AVERAGE LENGTH OF RANGE OF DURATION 
SURVIVAL AFTER FEVER OF SURVIVAI 


No treatment ‘ 9.3 days 1-16 days 
Streptokinase-treated { 12.6 days 2-23 days 


Effect of Enzyme Treatment on the Size of Vegetations.—The size of the 
valvular vegetations in the animals that were dispatched, or that died soon after 
enzyme treatment, was compared to those in the control dogs at a compa 
rable time after the onset of fever. In most of the untreated dogs there were 
large, florid vegetations on the mitral or aortie valves, measuring up to 9 by 
20 mm., but some were small, The appearance of the valvular lesions in dogs 
which reeeived streptokinase-streptodornase was often small, but the heart 
of one enzyme-treated dog showed an aortie vegetation 10 by 5 mm. together 
with a large mitral vegetation, and 2 other specimens exhibited rather large 
fibrinous masses on the mitral leaflets (ef. Table IL). In 2 instanees, there 
were areas of roughened valvular endocardium which grossly indicated in 
tense endocardial inflammation, although vegetations were entirely absent, 
as shown in Figs. 1 and 2. Microscopically these areas were heavily colonized 
by streptococci. 


TABLE IT. COMPARISON OF THE SIZE OF THE VEGETATIONS BETWEEN THE CONTROL AND 
STREPTOKINASE-TREATED ANIMALS 


SIZE VEGETATIONS IN GREATEST DIAMETER 


NUMBER OF SMALL (LESS MODERATE LARGE ( MORF 
DOGS rHAN 2 MM.) (3-6 MM, THAN 6 MM, 


No treatment 14 é l 10 
Streptokinase-treated 11 f 2 4 


Only 4 of 11 enzyme-treated animals had ‘‘large’’ vegetations, whereas 
10 of 14 untreated dogs had large lesions. However, statistical evaluation 
of these results using the Chi-square test failed to show a statistically signifi 
cant difference between the incidences of large vegetations (p > 0.05). There- 


fore, we must conclude that with these small numbers of animals the differences 
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in vegetation sizes between the treated and untreated groups are diec- 


tated by chance. On the other hand, if the same differences in the lesions 
had proved to be present in 12 additional animals, the statistical results of 
the Chi-square test would become significant. 


Fig. 1 A, The mitral valve in the heart of a dog with Str. mitis endocarditis, 
the typical large, fungating vegetation in relation to adjacent tissues. B, 
of the same fibrin vegetation. 


showing 
Enlarged photograph 


On histologic examination of the heart valves, bacteria were identified 
near the surfaces of the fibrinous deposits in both treated and untreated 
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groups, and areas of interstitial myocarditis were frequently noted in the 
ventricular muscle. 


Fig. 2.—-A, The mitral valve in the heart of a dog with Str. mitis endocarditis treated 
with streptokinase-streptodornase (cf. text). The valve has been damaged and infected, but 
there is no discernible fibrin deposition or vegetation. B, A closer view of this mitral valve. 


Influence of the Enzymes on Fibrinolysis. 
streptokinase-streptodornase showed complete in vitro clot lysis in 1 hour, 
while 5 others demonstrated partial clot lysis. 
performed. 


Six of the 13 dogs treated with 


In 2 dogs, the tests were not 
No consistent differences were discerned in the valvular lesions 
of these animals. 
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Hemorrhage did not oceur as a complication of enzyme therapy. One 
dog bled into the upper mediastinum, although the accident may have re- 


sulted from the surgery. The hematocrits were constant during the period 
that proteolytic substances were administered. Two animals without endo- 
carditis were given average doses of streptokinase-streptodornase. Aside 
from slight fever, the dogs had no untoward reactions from the drug, and 
post-mortem examinations were negative. 


DISCUSSION 


Attempts to produce bacterial endocarditis by Lillehei’s method,*® using 
bilateral femoral fistulas rather than aorta-vena caval shunts, were successful 
in only 2 of 40 dogs. The valvotomy proved more reliable inasmuch as 63 
per cent of the animals receiving Str. mitis after valvotomy developed active 
endocarditis. In contrast, the facility with which the valvular infection was 
produced must be balanced against the uncertain nature of the resultant 
valvular lesion, the lack of identity of the injured valve, and the disappoint- 
ing postoperative mortality of 25 per cent in the succeeding 7-day interval. 
It is interesting that several animals developed nonbacterial valvulitis of the 
tricuspid valve. Highman and associates? reported tricuspid valvulitis in 
many of their dogs where direct trauma to the valve had not occurred. The 
lesion may have been related to inereased work load and eardiae stress.° It 
is not clear whether the mitral endocarditis in our animals resulted from in- 
fection of valves subjected to direct instrumental trauma, or to endocardial 
damage resulting from changing cardiac hemodynamics. soth factors may 
have been concerned. 

Experimental studies have indicated that the strueture of the vegetations 
of bacterial endocarditis affords protection to the infecting organisms. The 
vegetations are formed by a large central neerotie zone of acellular debris, 
adjacent to which are colonies of bacteria surrounded by a predominantly 
fibrinous covering.® In 1938, Friedman and co-workers’ reported that fibrin 
was an ideal medium for the growth of Streptococcus viridans. They also 
showed that cultures of this organism in fibrin-coated capsules were not in- 
vaded by leukocytes ; these cultures became sterile. More recently, Hunter* 
has demonstrated that bacteria enclosed within blood clots were sealed from 
their environment to the extent that the organisms were protected from anti- 
biotie substances in the surrounding blood. 

Clinical data have generally supported these experimental studies. Viable 
bacteria have been found in valvular vegetations after optimum treatment 
and apparent cure,” and the mortality of the disease remained relatively high 
despite adequate chemotherapy.’® " This fact suggests that measures capable 
of disrupting the protective fibrin layer of the vegetations should augment 
the effectiveness of chemotherapy and host resistance factors in controlling 
the infection. Further valvular damage should then become less frequent. 
For these reasons anticoagulant drugs have received an extensive trial in this 
disease. Heparin was used in conjunction with sulfonamides, but the com- 
bination proved clinically ineffective and even dangerous.’* * Dieumarol was 
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similarly unsuccessful. In an autopsy study of patients receiving antico 
agulants, Priest't found no difference in the amount of fibrin comprising 
valvular vegetations between the treated and untreated patient groups. 

Mayer" has recently reported the use of hyaluronidase to render the 
fibrin barrier of infeeted heart valves more permeable to antibioties. A fay 
orable therapeutic effect was noted. However, the report included only 2 
Cases, 

In contrast to the disappointing results with adjunctive anticoagulant 
treatment, the experimental evidenee suggests that streptokinase (through 
its high fibrinolytic activity) may be of supplemental value in the antibiotic 
therapy of bacterial endocarditis. Local injections of the enzyme have been 
successful in liquefying fibrinous exudates. Other work has shown the ability 
of the enzymes to lyse arterial thrombi and to prevent postoperative ad 
hesions.": '® Streptokinase has been administered intravenously to man with 


out serious side effects.' 


In the present report, intravenous streptokinase-streptodornase in some 


instances appears to have reduced the size of ve getations in experimental in 


fective endocarditis in dogs. Although the inflammatory responses in the 
valves were not significantly altered in the control dogs as compared to those 
receiving enzymes, nevertheless, reduction of the vegetations suggests that 
fibrin deposition was impeded in the presence of active infection. Since there 
is difficulty in quantitating the size of the vegetations, and because the data 
are not statistically significant at the 5 percentile level, conelusions from this 
study can only be tentative. Antibiotics were not given, and, as expected, the 


fibrinolytic enzymes had no definite effect on the time course of the disease. 


SUMMARY 


1. Bacterial endocarditis developed in 27 of 42 dogs following valvular 
trauma and the intravenous injection of Streptococcus mitis. 


2. The effects of intravenous streptokinase-streptodornase on longevity ot 


the disease and on the size of baeterial vegetations were observed. 


4. The proteolytic enzymes did not prolong life in the absence of antibiotic 
therapy. 


4. There was suggestive evidence that the size of the valvular vegetations 
was reduced by intravenous streptokinase-streptodornase treatment. 
We are indebted to Dr. Sol Sherry, Department of Medicine, for his valuable advice 


and eriticisms during progress of the work, and to Mrs. Barbara Pesch for her technical 


assistance, 
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THE ERYTHROPOIETIC STIMULATORY ACTIVITY OF 
BATYL ALCOHOL 
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Martua J. Lona, M.S.* 
Cuicago, ILu., AND ANN ARBOR, MICH. 


HE mechanisms governing red cell production have been the subject of 

intensive investigation in many laboratories during the past few years. 
These studies' have confirmed the existence of humoral stimulatory factors 
which exert important physiologic and pathophysiologic regulatory control 
over erythropoiesis. Our observations indicate that there are two such agents 
which control, respectively, the rate of erythroblastic cellular division and the 
synthesis of hemoglobin.” * Although the chemical identities of the plasma 
erythropoietic factors are not known, current information® suggests that the 
factor concerned with cellular division is most likely a lipid and the other, 
which augments hemoglobin formation, is probably protein in nature. 

In 1941, Holmes and his co-workers‘ isolated batyl alcohol from the non- 
saponifiable fraction of bovine yellow bone marrow. This compound, the 
monoglycerol ether of n-oectadeecyl aleohol [CH,(CH,),;-O-CH,-CH(OH)- 
CH,(OH)], had previously been found only in marine organisms. Sandler, 
who also obtained batyl aleohol from yellow bone marrow, reported, in 1949, 


that the material stimulated erythropoiesis when administered by subeutane- 


ous injection to normal and benzene-treated rats.’ He also described reticu- 


loeyte responses in normal human subjects who were given an optically in 
active synthetie preparation of batyl alcohol. The chemical and physical 
properties common to this compound and the thermostable, ether-soluble 
plasma erythropoietic factor® suggested a possible relationship between these 
two substances. Further studies on the hemopoietic effects of batyl aleohol 
were of interest, and it is the purpose of this communication to report the 
results of some observations with this material. 


MATERIALS AND METHODS 


Female Wistar strain rats weighing approximately 160 grams were placed in 3 
groups of 6 animals each. One group was given 20 subcutaneous injections of 2 ml. of 
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peanut oil containing 12.5 mg. of racemic batyl aleohol* over a period of 4 weeks (daily, 
Saturdays and Sundays excepted). In a second group the dose was doubled over the same 
period of time. The third group received peanut oil only and served as the controls. 

Hematologic studies consisted of hemoglobins determined by the cyanmethemoglobin 
technique, microhematocrits, hemacytometer erythrocyte and leukocyte counts, platelets 
counted with the phase microscope, and reticulocytes per 1,000 erythrocytes enumerated 
on dried brilliant cresyl blue cover slip films counterstained with Wright’s stain. All 
values were obtained prior to the injections and every 7 days thereafter with the ex- 
ception of the reticulocytes which were counted twice weekly throughout the 6-week 
period of observation. Cell diameters were measured on Wright’s stained cover slip films 
with a micrometer disk and Price-Jones curves were constructed. Erythroevte osmotic 
fragilities were determined by the direct cell enumeration technique previously described 
using red cell pipettes and hypotonic salt solutions as diluents. At the conclusion of 
the injection period 3 rats in each group were killed and femoral marrow was examined 
according to a method previously desecribed.? The remaining animals were observed for 
an additional 2 weeks to evaluate the return to normal hemic equilibrium. 


TABLE I, STANDARD DEVIATION IN THE ERYTHROCYTES (MILLIONS PER CUBIC MILLIMETER 
BASE LINE 1 WEEK 2 WEEKS 3 WEEKS 1 WEEKS 


GROUPS MEAN S.D. dD. S.D. MEAN 8.D. MEAN 8.D. 


Batyl alcohol 
(25 mg. per day) 6.84 J 78 75 p 5 \ 78 9.02 0.41 


Batyl alcohol 
12.5 mg. per day 


Peanut oil 


TABLE II, STANDARD DEVIATION IN THE RETICULOCYTES (PER CENT OF ERYTHROCYTES 
BASE LINE 1 WEEK 2 WEEKS 3 WEEKS EKS 
GROUPS MEAN! S.D. | MEAN] S.D. D. | MEAN D. S.D. 
Batyl alcohol 
(25 mg. per day 3. Ri 10.4 1.0 


tatyl alcohol 


(12.5 mg. per day 


Peanut oil 


RESULTS 

Erythropoietic stimulation was manifested in the animals injected with 
batyl aleohol by erythrocytosis and reticulocytosis (Fig. 1 and Tables I and 
Il) plus myeloid erythrocytie hyperplasia (Fig. 2). There was no associated 
increase in the hemoglobin or hematocrit levels (Fig. 1), and the microcytes 
responsible for the erythrocytosis were evident on the stained films and demon- 
strated graphically by Price-Jones curves (Fig. 3). The erythrocytosis and 
reticulocytosis were more marked and appeared earlier in the animals re- 


ceiving 25 mg. of batyl aleohol per day than in those injected with half this 


amount (Fig. 1). Red blood cell counts showed a progressive increase in 


*Batyl alcohol was kindly supplied by Mr. F. O. S. Spencer of George A. Breon & Co., 
New York, N. Y. The batyl alcohol was extracted in ether from the aqueous suspension in 
which it was received, the ether evaporated, and the crystalline material dissolved in warm 
peanut oil to form a cloudy solution of 6.25 mg. baty! alcohol per milliliter of peanut oil. 
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both groups throughout the injection period while the reticulocyte levels 
reached plateaus by the end of the second week, 


At the termination of the 
injections, decreased erythrocyte osmotic resistance was evident in the rats 


Reticulocytes 


per cent) 


Hemoglobin 


Bt ams per cent) 


Hematocrit 


(volumes per cent 


o—< Baty! Alcohol! (25 mgperday) 


e----eBaty! Alcohol (12.5 mg. per day) 
o—2 Peanut Oil 

Fig. 1 Erythrocytosis 

increases in the 


and reticulocytosis in rats injected with batyl alcohol 
each group 


without 
hemoglobin or hematocrit levels 


Average determinations of 6 animals in 


W® Granulocytic Elements 
@ Erythrocytic Elements 


UH 


Batyl Alcohol Baty! Alcohol ~ Peanut 
(25 mg. per day) (12.5mg.perday) Oil 


We 
©€lls 


Marrow Nucleated ¢ 


Fig. 2.—Myeloid erythrocytic hyperplasia in the recipients of batyl alcohol. There was 
a roughly proportional increase in all recognizable stages of nucleated erythrocyte development 
\verage counts of 3 rats in each group. 


given the batyl aleohol (Fig. 3). Two weeks after the injections were dis- 
continued, all determinations in the remaining animals had returned to normal 
base-line levels. 
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In addition to the evidence of accelerated erythropoietic activity induced 


by the administration of batyl aleohol, these animals also exhibited an increas 
in their platelet counts (Fig. 4 and Table III). Although not marked, the 


thromboeytosis was definite, manifested essentially the same relationship to 


the daily dose as did the erythrocytosis, and had returned to normal levels 
one week after the injections were stopped. Consistent and signifieant 
leukocytosis was not noted in these animals (Fig. 4 


hor were the myeloid 
granulocytic elements increased in number (Fig. 2 
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y 
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posite curve of osmotic fragility and red cell diameter 
receiving 25 mg. of batyl alcoho! per day and the 
of the 4-week injection period 


recipients of batyl alcohol 
distribution ( Price-Jones) 
same number of control animals 


Leukocytes 


(thousands f 


Days 


o—e Baty! Alcohol (25 mg. per day) 
e---- Baty! Alcohol (12.5mg. per day) 
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t Thrombocytosis in recipients of batyl alcohol without consistent or significant in 
creases in their leukocyte counts Average determinations of 6 rats in each group. 


The hematologic studies in the control group injected with peanut oil 
were constant throughout the entire experimental period. All animals re 
mained healthy, gained weight normally, and demonstrated no loeal or gen- 
eral adverse effects from the injections. 
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TABLE IIT. STANDARD DEVIATION IN THE THROMBOCYTES (MILLIONS PER CUBIC MILLIME’/ER 


BASE LINE 1 WEEK 2 WEEKS 3 WEEKS } WEFKS 
GROUPS MEAN! S.D. | MEAN| S.D. | MEAN! S.D. | MEAN! 8S.D. | MEAN) 8D. 
Batyl alcohol 


of 


(25 mg. per day) 0.738 0.150 0.957 0.167 1.030 0.022 0.910 0.077 0.929 0.093 
Baty] alcohol 


(12.5 mg. per day) 0.691 0.116 0.790 0.206 0.913 0.185 1.000 0.087 0.894 0.082 


Peanut oil 0.650 0.125 0.752 0.093 0.708 0.114 0.704 0.119 &.887 S.O89 


DISCUSSION 
Our results are in agreement with those of Sandler® and confirm the 
erythropoietic stimulatory effect of batyl aleohol in normal rats. The much 
larger doses of batyl aleohol used in our experiments than those employed 
by Sandler presumably account for the greater increase in erythrocytes and 
reticulocytes than he observed. This apparent relationship between dosage 


and the degree of response in the recipients was suggested by Sandler's 
studies and is supported by our observations. As shown in Fig. 1, beginning 
erythrocytosis was not evident at the end of the first week of injections in 
the animals given 12.5 mg. of batyl aleohol per day, whereas the rats re- 
ceiving twice this daily amount had an average increase in red cells of ap- 


proximately 1,000,000 per e.mm. However, after 3 additional weeks the 
mean augmentations in erythrocytes per ¢.mm. over their respective base-line 
values were 1,640,000 in the former group and 2,180,000 in the latter. <A 
similar disparity was also noted in the reticulocyte responses but of smaller 
magnitude. The type of response observed in the experiment described above 
may, however, be of greater significance in pointing toward such a relation- 
ship. 

We have yet to study an active plasma, regardless of the experimental 
or clinical conditions under which it was obtained, that did not possess 
erythropoietic stimulatory activity attributable to both thermostable and 
thermolabile factors. Their combined effect on cellular division and hemo- 
globin synthesis of normal recipient animals results in the production of 
increased numbers of normal cells. Thus, the response to active whole plasmas 
or extracts which have been boiled for only short periods of time is character- 
ized by an inerease in all erythroid determinations. Active plasmas which 
have been processed by boiling for 30 minutes or the ether-soluble fractions 
of such plasmas contain only the factor concerned with erythroblastic cellular 
division and elicit in recipients a singular type of erythropoietic response 
characterized by the formation of microeytes without associated increases in 
the circulating hemoglobin or red cell mass,?*** an observation which has 
also been deseribed by others.**** The microcytes are readily discerned on 
stained blood films and easily demonstrable by Price-Jones curves. The 
restoration of normal erythrocytic equilibrium is prompt after the plasma ex- 
tract injections are discontinued. Recent studies have shown that this phe- 
nomenon is apparently due to impaired viability of the microcytes produced 
in response to a particular stimulus as evidenced by their decreased resistance 
to lysis in hypotonic salt solutions.’ Since this fragility abnormality is not 
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evident in situations involving increased activity of both plasma factors, it 
is probably the result of alterations in cell size and/or shape secondary to 
accelerated erythroblastiec division in the absence of a stimulus for enhanced 
hemoglobin synthesis rather than due to a specific action of the thermostable 
factor, 

The erythrocytic responses in normal rats to the administration of baty! 
aleohol were identical in all respects, demonstrable by the methods used, to 
those induced by the thermostable plasma erythropoietic factor. 

Stimulation of erythropoiesis by anemic or by hypoxic hypoxia or by 
the administration of cobalt ion,’? which probably acts by interfering with 
oxygen transport, has been shown to be mediated through humoral factors. 
The erythropoiesis stimulatory effect of batyl aleohol might be explained 
on the basis of: (1) Enhanced plasma erythropoietic activity, either through 
increased production of the humoral factors or antagonistic action on counter- 
acting or inhibitor substances. (2) An action on erythropoiesis unrelated 
to that of the humoral factors which have been studied. (3) Identification of 
batyl aleohol with the thermostable factor or close relationship to it, possibly 
as precursor material. 

The first hypothesis is susceptible of experimental proof which is not 
yet available. It seems unlikely because hypoxia, oi interference with oxygen 
metabolism, which is the sine qua non for enhanced plasma erythropoietic 
activity in all other situations would not be expected to result from the ad- 
ministration of a compound such as batyl alcohol. Moreover, if batyl alcohol 
did in some way affect oxygenation in such a manner as to stimulate erythro 
poiesis, increases in the factors responsible for both enhanced hemoglobin 
synthesis and accelerated erythroblastic division would be expected to oceur. 
The stimulus of hypoxia, in subjects capable of response, is always followed 
by elevation of both hemoglobin and erythrocyte values. Nevertheless, it is 
conceivable that batyl aleohol might inactivate an inhibitor of the thermo- 
stable factor, and more information is needed before this question can be 
answered, 


The theory that batyl alcohol acts independently of the plasma erythro- 
poietic factor is at present merely an explanation by exclusions. It should 


be subjected to test by assaying for increased activity the plasma of animals 
made polyeythemie by means of batyl aleohol and by attempts to relate 
chemically the thermostable factor and batyl alcohol. If both of these experi- 
mental approaches should yield negative results, some other explanation for 
the action of batyl alcohol on erythropoiesis, not mediated through plasma 
humoral factors, should be sought. 

Evidence currently at hand favors the third hypothesis, that of a close 
chemical relationship between batyl alcohol and the thermostable factor. 
Both stimulate division of erythrocyte precursors without augmenting hemo- 
globin production; both are resistant to heating to 100° C. for prolonged 
periods; they appear to be of comparable molecular size; batyl aleohol is a 
monoglycerol and the thermostable factor in plasma also appears to be a 
lipid. 
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In addition to its erythropoietic activity, batyl alcohol has other effects 
on hemopoiesis. There are a few reports'’” indicating that this alkoxy- 
glyeerol plays a role in leukopoiesis and possibly thrombopoiesis. We were 
unable to confirm the granulopoietie activity of batyl aleohol in the experi- 
ment described above, but the failure would appear to have been due to in 
sufficient dosage. However, an increase was noted in the cireulating thrombo 
cytes in rats injected with batyl aleohol. Although the increase in platelets 
was not marked, thrombocytosis has been a consistent finding in all animals 
which received batyl alcohol. The prompt return to base-line and control 
values after the injections were stopped adds support to evidence favoring the 
existence of a specific thrombocytosis-promoting property of batyl alcohol. 
The relationship of dosage to the magnitude of the erythrocytic and 
thrombocytie responses has been mentioned. Initially we employed a SUS- 
pension of batyl aleohol in isotonic saline in doses as high as 75 mg. per day. 
With this preparation and dose the animals developed quite marked reactions 
with large areas of induration at the sites of the injections which at autopsy 
were found to contain material similar to that injected. The variability of 
the hemopoietic changes in these animals was attributed to faulty absorption. 
The administration of batyl alcohol in peanut oil was not associated with re 
actions at the injection sites or evidence of impaired absorption. However, 
we were unable with this vehicle to achieve a concentration greater than 6.25 
mg. per milliliter, thus precluding the evaluation of large daily doses. 
Studies now in progress were designed to develop and test more concen 
trated preparations in other media by oral as well as parenteral routes of 


administration in the hope that they might answer the question of the granulo- 


eytie stimulatory activity of batyl aleohol. Some preliminary observations 


are available and confirm the oral effectiveness of this compound. Four nor- 
mal rats given a suspension of batyl aleohol via gastrie intubation in doses 
of 50 mg. per day developed erythrocytosis, thrombocytosis, and leukocytosis. 
After treatment for 2 weeks, the average erythrocyte, thrombocyte, and leu- 
koeyte counts in these animals were 8,470,000 1,110,000, and 20,640 per e.mm. 
respectively, with base-line determinations of 6,950,000, 740,000, and 10,700. 
The leukocytosis was due to an increase in granulocytic elements. All values 
in a control group given comparable amounts of distilled water by the same 
route remained constant. Although the subject needs further investigation, 
these studies indicate that batyl alcohol does possess granulopoietie activity, 
but a greater amount is apparently required to evoke this response in normal 
rats than is needed to induce erythrocytosis or thrombocytosis. 

Since batyl aleohol has been obtained from yellow bone marrow,* ° it 
seems probable that the therapeutic results which have been attributed to 
yellow bone marrow and marrow extracts were due to its presence.’® '" Re- 
covery of benzene poisoned leukopenie rabbits has also been reported follow- 
ing the intramuscular injection of the unsaponifiable fraction of yellow bone 
marrow.'® 
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The thrombocytie and probable granulocytic stimulatory activities of 
batyl aleohol in addition to its action on erythropoiesis bear directly on the 
problem of the regulatory control of hemopoiesis. Sinee the erythrocytes, 
thrombocytes, and granulocytes have a common origin in the multipotential 
marrow reticulum cell, a single substance or activator-inhibitor complex may 
control the formation of all of these hemie elements. Batyl aleohol, originat- 
ing in yellow bone marrow, may be such a substance. 


SUMMARY 
1. 


Batyl aleohol, the monoglycerol ether of n-oetadecy! alcohol, is capable 
of stimulating erythropoiesis in normal rats 


This response appears to be 
one of aecelerated erythroblastie cellular division without associated augmen- 
tation in hemoglobin synthesis and is manifested by erythrocytosis due to 
microcytes with decreased osmotie resistance, reticuloeytosis, and myeloid 
erythrocytic hyperplasia. 

2. The similarities in chemical, physical, and physiologie characteristies 
of batyl aleohol and the thermostable, 


factor indicate that they may be the same or closely related compounds. 


ether-soluble plasma erythropoietic 


0. 


t. 


Baty! alcohol also stimulates thrombopoiesis and probably granulopoiesis. 


It is suggested that all aspects of myelopoiesis may be under the in 


fluence of humoral regulatory mechanisms and that batyl aleohol, produced 


in yellow bone marrow, may be of primary importance in such a system. 
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Fy aamensinpagh diagnosis of influenza is generally based on _ serologic 
methods." * In general, the techniques employed are the complement fixa- 
tion test and the hemagglutination-inhibition test; the latter is much more 
widely utilized than the former although, from a practical diagnostic stand- 
point, it has several distinet disadvantages, one of which is its high degree of 
strain specificity in the absence of antigenie experience with related viruses 
within the immunologie type. This characteristic, together with the capricious 
and erratic behavior in hemagglutination-inhibition tests of newly isolated 
strains, gives rise to difficulties in laboratory diagnosis. This has been especially 
true with the new family of type A influenza viruses whose emergence was de 
tected in the spring of 1957 and which are now known collectively as the 
‘* Asian’’ strains. 

The complement fixation test, on the other hand, possesses primarily type 
specific reactivities and thus is not subject to difficulties referable to marked 
differences in antigenic structure between the test strain and the infecting 
strain. That the complement fixation test may, however, exhibit some degree 
of strain-specifie reactivity with allantoic fluid ‘‘viral’’ antigens has been ecom- 
mented upon by several workers** including ourselves.° Strain-specific reactivi- 
ties are generally submerged in the type-specific reactions. 

However, a recent report by Jensen’ has shown that by means of comple- 
ment fixation tests utilizing an allantoie fluid antigen, differences in antigenic 
structure of type A viruses could be detected. Thus, in human beings and fer 
rets infected with viruses related to the A-Denver-1-57 strain, a titer rise was 
seen with the homologous antigen or with an antigen made with the A-Japan 
305-57 strain, but not with the A-Puerto Rico-8-34 strain. 

Since Puerto Rico-34-like strains have not caused significant amounts of 
disease since 1947,° the distinetion to be drawn for epidemiologic purposes is 
not between the PR-34 family of strains and the newly emerged Asian family 
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tobe 1958 


of strains, but between the recent A-prime strains (A-Fort Monmouth-1-47 


like) and these new Asian strains. Misinterpretations of Jensen’s observation, 
and certain statements of others’ on this latter aspect have led to fairly wide 
dissemination of the erroneous belief that, through the use of allantoic fluids 
as antigens, the complement fixation test will serve to differentiate clearly 
between infections due to the Asian strains and the A-prime subgroup, i.e., 
the A-Fort Monmouth-1-47 family of type A viruses. The purpose of the present 
communication is to show that such a distinction is not feasible with the meth- 
ods currently at hand. 


MATERIALS AND METHODS 


Serum Specimens Studied.—The serum specimens utilized in these studies were obtained 
during different years in connection with the long-term studies being conducted at Fort Ord, 
Calif., on viral respiratory disease. Acute and convalescent phase sera were obtained from 
patients who had been hospitalized with respiratory disease and had been diagnosed as 
suffering from influenza A on the basis of a fourfold or greater rise in complement-fixing 
antibody titer. Paired serum specimens from 37 patients were studied. Eight pairs of sera 
eame from patients representing the 1953 outbreak of A-prime influenza; 10 pairs from 
patients representing the 1956 outbreak of A-prime influenza; and 9 pairs from patients 
representing the outbreak of influenza A-prime that occurred during January and February, 
1957. Ten pairs of sera came from patients involved in the June, 1957, outbreak of influenza 
due to Asian strains of virus. The fact that the latter outbreak was due to Asian type 
strains was established through the isolation of viruses that were essentially indistinguishable 
from the A-Japan-305-57 strain. 

The serum specimens came from individuals whose ages ranged from 17 to 23 years. 

The patients’ ages were not specifically recorded during the 1952 and 1953 outbreak but 
since all the men were military recruits, it is probable that the age range of the individ 
uals studied that year was the same as that in the later years. 

All serum specimens were examined by both the complement fixation and the hemag 
glutination-inhibition tests. 


Serologic Tests.—Hemagglutination-inhibition tests were performed essentially by the 
technique described by Jensen.10 Sera were treated with potassium periodate to destroy 
nonspecific inhibitor... One volume of serum was mixed with 2 volumes of freshly pre 
pared M/100 potassium periodate and held overnight at 4° C.; the action of the periodate 
was stopped by the addition of 1.0 per cent glycerol-saline in a volume equal to the periodate 
added. Antigens for use in the hemagglutination-inhibition tests were prepared from the 
following A-prime strains: A-Berkeley-5-48 (Spirup), A-Fort Leonard Wood-1-52 (Conley 
A-Albany-1-55, and A-Denver-1-57. These strains were included because they are representative 
of outbreaks that occurred during the years mentioned and ean be considered as prototype 
strains. The A-Berkeley-5-48 strain was included because it is the standard strain used in 
this laboratory for the preparation of diagnostic complement-fixing antigens. The A-Japan 
305-57 strain was used as a representative of the Asian family of viruses. 

Complement fixation tests were done by the standard method employed in this lab 
oratory over many years and recently described by Jensen.1° Allantoic fluid antigens wer 
prepared as follows. Eleven-day-old embryonated hens’ eggs were inoculated into the 
allantoic cavity with an appropriately diluted suspension of virus. The eggs were incubated 
for 48 hours at 35° ©. and then chilled overnight at 4° C. to facilitate harvesting of the 
allantoic fluids. Thimerosal was added to the pooled fluids in a final concentration of 
1:10,000, and the fluids were distributed into tubes in 10 ml. amounts and stored at —20° C. 
For use, the fluids were warmed to 37° C. in a water bath and clarified by centrifugation at 
1,500 r.p.m. for 5 minutes. F 

Complement fixation tests were done with allantoic fluid antigens prepared from the 
A-Berkeley-5-48 and the A-Japan-305-57 strains, 
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Presentation of Data. Jecause of the large body of numerical data arising from 
the multiplicity of determinations made by the hemagglutination inhibition test 74 sera 
tested against 5 antigens), the findings are presented in summary form in terms of geometric 
mean-fold increases between the acute and convalescent serum groups from each outbreak, 


aus measured by each antigen. 
Antibody levels as measured by the complement fixation test are presented in terms 
of geometric mean-fold increase in order to afford comparison with antibody levels found 
by the hemagglutination-inhibition test. Individual titers are also given in order to bring 
determine unequivocally the 


out more clearly the inability of the complement fixation test t 


influenza virus family to which the infeeting virus belongs. 
All titers are presented as the reciprocal of the original serum dilution. In the eal 


culation of the geometric means, the assumption was made that titers of less than 8 had 


a numerical value of 4. 


Geometric 

Mean-foid 

Complement -fining Antibody Response Response Hemaggiutination- inhibiting Antibody 
ry 
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RESULTS 

Hemagglutination-inhibiting Antibody.—The antibody response to infee 
tion in terms of the prototype strains is summated graphically in Fig. 1. 

Considering first the paired sera from the 8 individuals involved in the 

1 that the geometric mean increase to 


1953 outbreak, it will be seen from Fig. 
to the Alb-55 strain 


the Be-48 strain was 3.1, to the FILAW-52 strain it was 7.3, 


it was 6.7, and to the Den-57 strain it was 2.4. There was no demonstrable 


antibody or response to the Jap-57 strain. 
Examination of paired sera from 10 patients with influenza during the 


1956 outbreak gave qualitatively similar findings, although the titer increases 
Thus, the geometric mean-fold inerease to the 
17.2, to the Alb-55 strain 


were of a greater magnitude. 
Be-48 strain was 8.0, to the FL.W-52 strain it was 
it was 26.0, and to the Den-57 strain it was 3.3. Again, no demonstrable anti- 
body to the Jap-57 virus was present in the acute phase sera nor did any in 
creases in antibody level oceur. 

The pattern of the antibody response 
break was not much different from that deseribed above except that a somewhat 


during the January, 1957, out- 
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smaller antibody level was encountered to all the A-prime strains except the 
Denver strain. The geometrie mean-fold rise in antibody to the Be-48 strain 
was 4.7, to the FLW-52 strain it was 9.3, to the Alb-55 strain it was 8.6, and 
to the Den-57 strain it was 4.0. Here, too, as in the ease of the 1953 and 1956 
outbreaks, no antibody to the Jap-57 virus was detectable in the acute phase sera 
nor was a subsequent appearance of antibody to this virus strain observed. 

A different pattern was seen when paired sera from 10 patients in the 
Asian influenza outbreak at Fort Ord in June, 1957, were examined. The hemag- 
glutination-inhibiting antibody response to the FLW-52 and the Alb-55 strains 
was inconsequential; the geometric mean-fold rise in titer was only 1.15. There 


was no demonstrable rise in antibody to the Be-48 and the Den-57 strains. In 
complete contrast to the negative results obtained when the sera of individuals 
in the earlier outbreaks were tested against the Jap-57 strain, the geometric 
mean-fold inerease in the antibody titer to this virus was 3.0. The low order 
of magnitude of these titer increases to the Jap-57 virus should be noted. It 
might also be mentioned that in 3 of the 10 patients there was no increase 
in hemagglutination-inhibiting antibody titer, and in one patient there was 
only a twofold increase. Unpublished data from this laboratory indicate that 
with the present techniques and antigens, only about one-half to two-thirds 
of the patients who show a diagnostic (fourfold or greater) rise in comple- 
ment-fixing antibody titer show a significant increase in hemagglutination-in- 
hibiting antibody titer when tested against the Jap-57 strain. 


Complement-fixing Antibody—Complement fixation tests using the A- 
Berkeley-5-48 and the A-Japan-305-57 strains as antigens were done on the 
acute and convalscent phase sera of all 37 patients representing the 4 out- 
breaks of influenza. Table I presents the titers of each of the 74 sera obtained 
in tests against the two antigens and Fig. 1 presents the geometric mean-fold 
inereases in complement-fixing antibody titer to these two viruses. 

As Table I shows, the complement-fixing antibody responses of the individ- 
uals studied were virtually identical whether measured against the Be-48 or the 
Jap-57 viruses, irrespective of the year during which the individual suffered his 
influenza attack. Thus, the acute and convalescent phase antibody levels of the 
8 individuals representing the 1953 outbreak were identical when measured 
by either strain. When the sera from the 1956 outbreak were examined, antibody 


levels to the two viruses were identical with the exception of the fourth pair of 
sera which gave a twofold higher antibody titer with the Be-48 antigen than 
with the Jap-57 antigen. Sera obtained from patients in the January, 1957, 


outbreak of influenza gave identical results with both antigens in 7 instances 
and, in the remaining 2, a twofold greater rise in antibody was shown with 
the Jap-57 antigen as compared with the Be-48 antigen. 

When sera obtained during the outbreak of Asian strain influenza in June, 
1957, were examined, the Jap-57 antigen in 3 instances showed a twofold 
higher rise in antibody than did the Be-48 antigen; conversely, in one instance 
the Be-48 antigen showed a twofold greater inerease in antibody level than 
did the Jap-57 antigen. 
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TABLE I, INABILITY OF COMPLEMENT FIXATION TEST TO DISTINGUISH INFECTIONS DUE TO 
ASIAN VIRUS STRAINS From THOSE Due TO A-PRIME VIRUSES 
RISES IN COMPLEMENT-FIXING ANTIBODY TITER DEMONSTRABLE BY 
BERKELEY-48 ANTIGEN JAPAN-97 ANTIGEN 
ACUTE* CONVALESCENT t ACUTE CONVALESCENT 
Patients Fiom 1958 Outbreak of A-Prime Influenza 
128 8 128 
512 16 512 
256 . 256 
1,024 < 1,02 
1,024 < 1,02 
128 
512 
128 
Patients From 1956 Outbreak of A-Prime Influenza 
64 <8 
256 
128 
256 
128 
512 
128 
64 
512 
128 
Patients From January, 1957, Outbreak of A-Prime Influenza 
256 
64 
64 
128 
64 
128 
16 
512 16 
64 <8 
Patients From June, 1957, Outbreak of ‘‘ Asian’’ Influenca 
256 <8 
64 <2 
512 <8 
128 
128 
64 
512 
64 
256 <8 
256 8 
*Acute serum taken during early acute phase of illness 
tConvalescent serum taken during convalescent stage. 


It is evident from Table I that complement fixation tests with allantoic 
fluid antigens failed to make distinctions between viruses as markedly different 
as the A-prime and Asian strains. Fig. 1 further illustrates the type-specific 
rather than strain-specifie nature of the complement-fixing antibody response. 
The January, 1957, influenza outbreak was due to A-prime viruses. When the 
Be-48 virus was used to measure antibody, the geometric mean-fold increase 


between the acute and convalescent phase sera was 20.2; when the Jap-57 anti- 


gen was used, the increase was 23.5. Antibody determinations on patients with 
Asian influenza in the June outbreak gave a geometric mean-fold inerease of 
26.0 when measured with the Be-48 antigen and 27.9 when measured with the 
Jap-57 antigen. 
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DISCUSSION 


The data presented here and summated in Fig. 1 show rather clearly the 
strain-specifie nature of the Asian strain hemagglutination-inhibiting antibody 
and the type-specific nature of the complement-fixing antibody. It is these 
very properties which permit detection, by the hemagglutination-inhibition 
technique, of antigenic differences between strains and demonstration, by the 
complement fixation technique, of those broad basie antigens which permit 
classification into immunologie types. However, although the development and 
existence of antibodies to the strain specific components of the viral particle 
ean be shown by the complement fixation method, ** such antibodies are not 
readily demonstrable by present diagnostic techniques (ef. 6). Currently, com 
plement-fixing antigens for diagnostic purposes consist essentially of unprocessed 
allantoie fluid from infeeted chick embryos. Such antigens comprise a mixture 
of the so-ealled ‘‘soluble’’ and ‘‘viral’’ antigens, sometimes referred to as S 
and V antigens, respectively. It seems probable that strain-specific reactivity, 
generally attributed to the V antigen, is usually overshadowed by the type 
specific antigens present, and, were highly purified V antigens used, some de 
gree of strain specificity might be achieved in the complement fixation test. 

Whether such a narrow specificity would constitute a desirable feature in 
a test used for diagnostic purposes is debatable. Diagnostieally, the type-specific 
reactivity of the complement fixation test is an asset since it serves to reveal 
similarity between strains which may differ markedly in their antigenie con 
stitution. This is brought out in both Fig. 1 and Table I, which show that a 
complement-fixing antigen prepared from an <A-prime virus strain could be 
used to measure not only the antibody response to related, yet antigenically 
different, A-prime viruses but, more importantly, the antibody response to a 
virus (Asian strain) so different antigenically from the A-prime family that 
it constitutes a prototype for a new family of influenza viruses. Similarly, 
this representative of the new family served as an exeellent antigen for the 
detection of complement-fixing antibody not only against itself but also measure 
ment of antibody in individuals infected by distantly related A-prime viruses. 
Indeed, viruses representative of either family could be used interchangeably 
to measure the complement-fixing antibody response called forth by infection 
with a member of another family. 

The strain-specifie reactivity of the hemagglutination-inhibition tests, illus 
trated here, constitutes a disadvantage from certain diagnostie points of view. 
Thus, to mention only one facet, failure to use current strains of virus in the 
test procedure may interfere with, or even preclude, detection of a virus which 
may be highly active in the population. This situation is illustrated in Fig. 1. 


It is sometimes assumed that, inasmuch as the hemagglutination-inhibition test 


255 


is highly strain-specific, its application in a given instance serves to identify 


the infecting virus strain. This holds true under some cireumstances, such as 
the emergence of a new family of influenza viruses, e.g., the appearance of the 
’'M-1 family of A-prime viruses in 1947 and the emergence of the Asian strain 
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family in 1957. Specifie identification of these agents as the infecting virus in 


a given instance was feasible only because they were so different antigenically 
from previous strains that the population possessed no demonstrable antibody to 
them. With time, however, the new viruses become so thoroughly and repeatedly 
seeded throughout the population that infection or vaccination subsequently 
leads to a reeall of antibody to those viral strains with which the individual 
has had extensive prior experience, i.e., infection or artificial immunization 
leads to a humoral antibody response that reeapitulates the individual’s previous 


experience with influenza virus antigens.’ 
SUMMARY 


The influenzal complement-fixing antigens in general use for diagnostic 
purposes possess marked type-specific reactivities. Hence, while the comple 
ment fixation test serves effectively to reveal the immunologic type of the 
virus strain which produced infection in the patient, it cannot be expected 
to reveal the family within that type to which the virus belongs. To determine 
this, the patient’s sera should be examined by the hemagglutination-inhibition 


test, which is characterized by strain-specifie reactivities 
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CLINICAL USEFULNESS OF CONSECUTIVE FOUR-DAY I"! SERUM 
LEVELS IN THYROID DISEASE 
SUSANNE VON SCHUCHING, PH.D., AND ARTHUR F. Ast, M.D. 
MARTINSBURG, W. VA. 


N OBSCURE eases, or where prior therapy has clouded the clinical status, 

Means’ has noted that the use of all available tests can aid in evaluating 
thyroid function. We have found that it is particularly helpful to perform 
consecutive daily analyses of the total and protein-bound iodine" in the serum, 
and to study the curves constructed from these data. 

From single determinations of total serum I'*' and PBI'*', the conversion 
ratio was first proposed by Clark and associates*® in an attempt to separate the 
various thyroid states. In a later publication, Silver and co-workers’ de- 
termined the I'*' level of whole blood up to 4 days and ineluded single 72-hour 
PBI'** plasma determinations.‘ These authors found a wide range in the 
hyperthyroid group, with overlapping into the euthyroid range. Scott and 
Reilly™ and others®’ °° have noted the differences in PBI'™' plasma values up 
to 96 hours in patients with varying thyroid function using resins for the 
separation of inorganie from organie I'*' in plasma, 

According to Rosenthal and Lawrenee,® recent reports have been con- 
cerned with erratie results of PBI’ values obtained from patients following 
previous surgical or I'*! treatment of hyperthyroidism. Individual determi- 
nations of PBI'** have been widely accepted as a most accurate measure of 
thyroid activity. However, recent studies of Margolese and Golub’ note the 
daily fluctuations of the serum PBI level in 2 individuals. According to 
Barrett and associates* a single serum PBI'*’ is not helpful in diagnosis of 
hypothyroidism. 

The purpose of this study is to record more accurately the functioning 
of the thyroid gland by studying the dynamie distribution of I'*' in the serum 
over varying periods of time. 

From hourly and daily consecutive 10-day determinations, we have se- 
lected the 4-day consecutive levels of total serum I'" and the conversion ratio 


of organic-bound I'*' to the total I'*' in serum. Curves from these data sup- 


plied the most representative reflections of hormone production and clinical 
status of the human thyroid gland in the patients examined. 


METHODS 


The tracer dose used was 75 we of carrier-free I'51 orally administered. Blood was 


collected at 24-hour intervals and the serum separated. The [131 activity of 4 ml. of 
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Serum was determined in a scintillation counter. The serum was then passed over a 
column (1 em. in diameter) containing 500 mg. Dowex 2 resin in the chloride form. The 
resin was washed twice after filtering with 1 ml. portions of saline. The protein of the 
precipitation with 20 per cent trichloroacetic 
to adjust the volume to 4 ml., suitable to the well of the scintillation counter. 
precipitate was resuspended in the 


filtrate was concentrated by acid in order 


The protein 
necessary amount of saline and the radioactivity 
determined. 

aie , " counts organie-bound I! 
rhe conversion ratio is defined as the ratio 


total counts [151 
were extrapolated to 1 ml. and the values plotted on 1 em. square graph paper. No 


correction was made for decay since an easily reproducible method was desired. The pet 


cent dose per liter or actual values were plotted against 


Total counts 


time in davs. The standard 
deviation from the mean for each daily time value has been calculated. 


The thyroid status of the individuals studied, all of whom were patients in Veterans 


Administration Hospitals, was determined from clinical examinations which ineluded 
medical history, physical examination, 6- and 24-hour [151 thyroid uptakes, and | irinary 
excretions, as well as basal metabolic rate and serum cholesterol determinations, 
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Fig. 1A4.—The upper curve represents per cent dose per liter of total serum I™= jin 18 
euthyroid patients under 60 years of age. The lower curve denotes per cent conversion toth 


are for a 10-day period. In this and subsequent figures, the continuous line represents the 
mean, and the broken lines represent the standard deviation 





RESULTS 
Euthyroid Group.—The results obtained on a group of euthyroid patients 


are presented in Figs. 14 and 1B. Serial daily total serum I*** determinations 
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and conversion ratios were obtained from a group of 41 euthyroid males of 
varying ages. The curves were plotted to 10 days, and it was noted that they 
leveled out after 4 days. The 4-day curves, Fig. 2, A, represent the basic normal 
eriteria used for comparison with the curves plotted from data obtained from 


subsequent groups of patients to be presented. 
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Fig. 1B The same as for Fig. 1A, except for 25 patients over 60 years of age 


Hypothyroid Group.—Data from a group of hypothyroid patients are pre 
sented in Fig. 2, B. The initial serum level of total I'*' at 24 hours was higher 
and the rate of fall was steeper in this hypothyroid group than in the basie 
euthyroid group. In analyzing the data for this group, it was noted that the 
24-hour value representing the conversion ratio is lower and the eurve is con 
tinuously flatter than the curve representing the basie euthyroid group. 

Hyperthyroid Group.—Curves from data from a group of hyperthyroid pa- 
tients are presented in Fig. 2, C. At the 24-hour level the value for total serum 
['** was lower than in the euthyroid or hypothyroid groups, rose slightly at the 
48-hour period, and leveled off thereafter. The conversion ratios were much 
higher for the hyperthyroid patients at the 24- and 48-hour periods, but there 
was a leveling off after 72 hours. 
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Euthyroid Group After Surgery.—The data from a group of hyperthyroid 
patients who became euthyroid after surgery are presented in Fig. 3, A. The 
total serum I'** curve resembled the curve for the euthyroid group. In eon 
trast, the conversion ratio value was somewhat higher than that representing 
the basie euthyroid group at the 24-hour period and leveled off after 48 hours, 


resembling the conversion ratio curve for the hyperthyroid group. 
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Euthyroid Group After I'"' Treatment.—A hyperthyroid group of patients, 


who became euthyroid following treatment with I'*', were studied next, and 
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data from this group are noted in the curves presented in Fig. 3, B. The total 
serum I**' curve was similar to the basic euthyroid group curve, but, like the 
surgically treated patients, the conversion ratio at the 24-hour period was 
higher than that in the basie euthyroid group at a similar point of time. The 
entire contour of the conversion ratio curve for this group resembled the hy- 
perthyroid type of eurve. 
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Fig. 3.—Curves representing groups of hyperthyroid patients treated by surgery (A) or 
with I (B). and resulting in a euthyroid state following treatment. Curves from a group of 
patients remaining hyperthyroid after surgery or treatment with F™ (CC). 

Hyperthyroidism Persistent After Treatment.—Patients who remained 
hyperthyroid despite surgery and I'** treatment constituted the next group. 
As noted in Fig. 3, C, both curves resembled those for the hyperthyroid patients 
before treatment as shown in Fig. 2, C. 

Individual Illustrative Cases.—The data presented in Fig. 4, A through 
D, were obtained from a 28-year-old white man with the clinical symptoms of 
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hyperthyroidism. The original data from which the curves were plotted were 
obtained in October, 1956, and correlated in all respects with the curves for 
severe hyperthyroidism. 
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Fig. 4.—Curves from a hyperthyroid patient, before (A) and following (B) propylthi- 
ouracil therapy and 15 weeks (C) and 20 weeks (D) following subtotal thyroidectomy The 


curves before surgery are similar to the curves for the hyperthyroid group in Fig. 2. C, and 
those following surgery are similar to the curves for the hypothyroid group in Fig. j 


Following a course of propylthiouracil, which consisted of a 100 mg. dose 
of the drug 3 times daily for 12 weeks, the total serum I" and conversion ratio 
curves returned to a euthyroid configuration, as noted in Fig. 4, B. 

A subtotal thyroidectomy was performed on this patient on Feb. 12, 1957, 
and a recheck of the total serum I'*' and conversion ratio curves from data 
obtained 15 weeks after surgery is demonstrated in Fig. 4, C and conform to the 
typical curves of the hypothyroid group depicted in Fig. 2, C. 

An examination was repeated 5 months later, as portrayed by the curves 
in Fig. 4, D. The conformation of these curves still resembled those of the 
hypothyroid group, though they show signs of reversion to the basie euthyroid 
type of curve. 
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The data from which the curves in Fig. 5, A and B, were constructed were 


obtained from a 70-year-old white man suffering with chronic, progressive post 


encephalitie Parkinson’s disease with senile deterioration. Originally, the total 
serum I**' and conversion ratio curves resembled the hypothyroid group curves 
presented in Fig. 2, B. 
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Fig. 5 Patient whose original curves (A) resemble those for hypothyroidism as shown 


in Fig. 2, B Following test dose of 10 units of THS, the curves (B) resemble euthyroid group 
configuration as in Fig. 2 


Data for the curves noted in Fig. 5, B were obtained 48 hours following the 
administration of 10 units of thyroid stimulating hormone (TSH). The trend 
of the curves following TSH is toward the euthyroid configuration and would 
indicate a functioning thyroid gland and secondary hypothyroidism due to hy 
pothalmie or pituitary disease. 

A 57-year-old white man who had originally suffered from hyperthyroidism, 
but who had been athyrotie following surgery and I'*' therapy, afforded data for 
the eurves in Fig. 6, A and B. Following TSH administration, the curves demon- 
strated no change, nor was the I'*' thyroid uptake increased. These results in 
dicate that in this patient there is lack of functioning thyroid tissue. 

The curves shown in Fig. 7 represent data from a 71-year-old white man 


who had been on previous doses of potassium iodide. The total serum I'"' value 
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at the 24-hour interval was extremely elevated and the curve fell off rapidly from 


that level. The conversion ratio curve was unique, in that it had a downward 
slope to points no longer detectable. These curves are t\ pical of the saturation 


of the thyroid gland with potassium iodide. 
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Fig. 6 i, Curves from a patient, originally hyperthyroid, who had been previously 
treated both by subtotal thyroidectomy and subsequently with I. 3B, Following test dose of 
10 units of TSH, the curves remained similar to the hypothyroid group type, Fig. 2, B, indi 
cating lack of functioning thyroid tissue. 


DISCUSSION 
At the inception of these studies, it was originally intended to measure the 


total I’*? in the serum in addition to performing radioactive determinations. It 


was soon found that the values of I'*" in the serum showed little difference in 





620 VON SCHUCHING AND ABT J. Lab, & Clin. Med. 
the bloods from patients whose thyroid metabolic status ranged from hypo- 
thyroid to hyperthyroid. This narrow range, when measured by total I'** values, 
does not afford a sufficient differentiation of the patient’s thyroid status. In ad- 
dition, the minute quantities of I'** in the serum are difficult to determine. The 
avidity of the thyroid gland for iodine leaves little excess for circulation in the 
serum. For example, following ingestion of a test dose of I'*', the amount of 
total I1**' found in serum after the fourth day is 0.16 per cent per liter. The re- 
mainder has either been taken up by the thyroid gland (approximately 30 per 
cent), or exereted (approximately 60 per cent), or diffused into extracellular 
fluid. 
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Fig. 7.—Curves obtained from a patient following previous ingestion of a medication 
containing potassium iodide. Downward slope of conversion ratio curve is diagnostic of previ- 
ous iodine uptake by the thyroid gland. 




















When the alkaline ashing method of Barker® was used, 50 per cent of added 
radioactive iodine was recovered at 650° C. ashing temperature. Using lower 
temperatures it was found that the radioactivity was retained, but the ashing 
was not complete. 

Kolthoff and Jordan'® recommended the polarographic determination of 
minute amounts of iodine with the rotating platinum electrode, but in our expe- 
rience it was found that the method was not sensitive enough at concentrations 
below 10° molar. The colorimetric method, as deseribed by Sandell and Kolt- 
hoff,'' was satisfactory from the analytie point of view, but very time consuming. 
The preparation of standard curves in each instance makes it impracticable. 
The amount of stable iodine in the hypothyroid state is often no greater than the 
amount in the blank determination, so that the accuracy of the determination 
suffers. Beeause of the difficulty of the method and its inaccuracy at minimal 
levels, as compared with results obtained by using I'"', we have not ineluded the 
stable iodine determinations in our data. 
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It has been found that the absolute amount of protein-bound iodine’? in 
the hyperthyroid patient is usually not more than double the level in the euthy- 
roid patient. But, if the rate of conversion to organie iodine, as reflected by 
the conversion rate eurve, is noted, the distinetion between these 2 types of 
patients is much more apparent and the differentiation more easily made. 

Rienhoff'? and Roussy and co-workers" investigated the duration of thyrotox- 
icosis in the gland fragment remaining after surgery, using histologic hyper 
plasia as a criterion. Rienhoff studied the glands of 6 previously hyperthyroid 
patients coming to biopsy up to 6 years after operation, and found persistence 
of hyperplasia in all. 

In patients rendered euthyroid after treatment by surgery or by I’, the 
conversion ratio curves were similar to the curves of hyperthyroid patients before 
treatment. In all probability, this is so because the gland remnant is turning 
over at the same rate as was the whole hyperthyroid gland before treatment. 
Nevertheless, the reduction in quantity of iodine retained by the gland remnant 
is evidenced by the total I'** serum curves, which now resemble the euthyroid 
rather than the hyperthyroid type of curve. The continued increased metabo 
lism of the thyroid gland remnant after treatment is thus established. These 
results have been misinterpreted as “false positive” results by a number of 
observers. Paley and associates’ reported a higher proportion of “false posi 
tive” results in patients who had previous surgery and iodine’ therapy than 
in untreated patients. Likewise, Silver and co-workers,’® in an article on pitfalls 
in the diagnostic use of radioactive iodine, have based their conclusions on single 
protein bound I" determinations from bloods drawn 72 hours after the admin 
istration of the tracer dose. Had they ecaleulated daily conversion ratios, they 
probably would not have been misled by the data obtained from their patients. 

We have calculated the standard deviation from the mean for the data here 
presented at each daily time interval. There is a wide range with overlap in 
the different conditions studied. This is unavoidable when differentiation into 
only 3 groups is attempted. Nevertheless, the slope of the curves obtained from 
the 3 groups of patients is so characteristic, that when both total serum I'"! and 
conversion ratio curves are analyzed together, a definite differentiation of the 
patient’s status can be made. 


SUMMARY 


1. Total I'*' in serum was determined, and resin separation of I'*' into 
inorganie and organie fractions in the serum was carried out. A consecutive 


daily survey was performed on patients with varying thyroid metabolic activity. 
Six and 24-hour I**' thyroid uptake and total 24- and 48-hour urinary excretion 


tests were performed on all patients studied, in addition to other clinical and 
laboratory tests of thyroid function. 

2. Inspection of the curves from the data obtained showed characteristic 
slopes of ascent and descent depending on the clinical status of the patient. At 
any particular time interval, the direction of the curve for the various conditions 
studied may be different; nevertheless, absolute values can be approximated. 
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From this it is coneluded that single determinations of total serum I'', or 
protein-bound I'*', may lead to serious misinterpretations of the metabolic 
thyroid state of the patient under study. 

3. In studying the results of daily serial total serum I'*' and conversion 
ratio curves on a group of patients, we have noted a leveling off after the fourth 
day following the ingestion of the test dose. This is demonstrated in our curves 
for euthyroid patients. 


4. We have presented 4-day curves for determinations of total serum I'*" 


and conversion ratios for a group of euthyroid subjects of various ages. These 


curves represent basic normal criteria for the study of dynamie distribution of 
I*** in the blood. They were used as standards for comparison with curves from 
hypothyroid and hyperthyroid subjects and individual variants. 

5. Curves for subjects formerly hyperthyroid, who had been rendered 
euthyroid after treatment with surgery as well as after treatment with radio- 
active I'*', have been presented and it was noted that the total serum I'*' curves 
reverted to the type representing the euthyroid, while the conversion ratio curves 
continued to resemble their original shape characteristic of hyperthyroidism. 
This confirms the fact that there is continued increased metabolism of the 
thyroid gland remnant after both types of treatment. 

6. In contrast, curves from groups of subjects remaining hyperthyroid 
following surgery and after radioactive I'*' treatment, retain the contour of 
the hyperthyroid patient. 

7. Individual curves illustrating partial hypothyroidism following surgery, 
athyreosis, secondary hypothyroidism as differentiated by the administration 
of TSH, and the effect of previous iodine administration are all presented and 
analyzed as illustrative cases. 

8. Our experience with the determination of minute amounts of I'** in 
the serum are presented. 

9. It is concluded that total blood serum I'*' and conversion ratio curves 
here deseribed and consecutively determined for 4 days allowed evaluation of 
the status of the individual patients and the metabolic state of their thyroid 
gland. 

10. The curves presented offer a practical and sensitive method for the eval 
uation of the clinical thyroid status of the individual patient, particularly in 
obseure cases, or where prior therapy has clouded the clinical status and other 
laboratory findings. 
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EVIDENCE THAT GLASS INCREASES PLASMA PTA ACTIVITY 
SAMUEL I. Rapaport, M.D.* 
Los ANGELES, CALIF. 


WitH THE TECHNICAL ASSISTANCE OF SARA B. Amgs, B.S., AND 
SoLVEIG MIKKELSEN 


GLASS surface initiates coagulation not by activating platelets' but by 
A activating plasma clotting factors. Glass contact has been shown to increase 
both PTC (plasma thromboplastin component, antihemophilic B factor, Christ 
mas factor)* * and proconvertin (factor VII, stable factor)*® activity. However, 
Shafrir and DeVries' also demonstrated glass-enhanced clotting activity in 
barium sulfate adsorbed hemophilia A (AHG deficient) plasma. Since such 
adsorbed plasma contains no AHG, PTC, or proconvertin, these authors postu 
lated activation of an additional plasma thromboplastie factor, either PTA 
(plasma thromboplastic antecedent) or Hageman factor. 


The following data 
demonstrate that glass contact does increase plasma PTA activity. 


MATERIALS AND METHODS 
Reage nts. 
1. PTA deficient “glass-activated” substrate plasma; PTA deficient 


tained from the 3 patients with PTA deficiency deseribed below. Nine 
blood was added to one volume of 0.1 M 


plasma was ob 
volumes of venous 
sodium citrate and centrifuged at 10,000 r.p.m. 
The resultant platelet poor plasma was poured into a 12 by 125 mm. glass tube containing 
The plasma was shaken by hand for 10 min 
It was corked and stored in a glass tube at 4° C 
4 hours until used as PTA deficient glass-activated substrate plasma. 


two 3 mm. glass beads per milliliter of plasma. 


utes at room temperature, . for approximately 


2. Test plasmas: a. Normal Silicone and Glass-Activated Plasmas. Nine 


volumes of 
normal venous blood, obtained with a 


needle coated with Monocote E (The Armour Labora 
tories) and a silicone-coated syringe (G.E. SC 


87, Dri-film), was »dded to one volume of 2 
per cent sodium oxalate in 


a chilled, silicone-coated tube and immediately centrifuged at 
approximately 4,000 r.p.m. 


The resultant platelet-poor plasma was divided into 3 portions. 
One was transferred with a silicone-coated pipette to a second silicone-coated tube, corked, and 


stored at 4° C. until used as normal silicone plasma. A second portion was transferred to a 


glass tube and activated with glass beads as described above. This was corked and stored 


in a glass tube for use as normal glass-activated plasma. 

b. Adsorbed Normal Silicone and Glass-Activated Plasmas. The third portion of the 
silicone plasma referred to above was transferred with a silicone-coated pipette into a silicone 
coated tube to which was added 75 mg. of barium sulfate (Baker) per milliliter of plasma. 
After frequent shaking for 15 minutes at room temperature, the barium sulfate was removed by 
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centrifugation. Half of this adsorbed plasma was stored in a corked silicone-coated tube 
at 4° C, until used as adsorbed normal silicone plasma, A second portion was transferred to 
a glass tube, activated with glass beads and stored as described above until used as adsorbed 
normal glass-activated plasma, 

All test plasma were used within about 4 hours after the blood was drawn. Dilutions 
were made in a fluid containing 1 part of 2 per cent sodium oxalate and 5 parts of 0.9 Gm. 
per cent sodium chloride. This prevented variation in the oxalate content as a result of 
dilution. 


3. Cephalin: Cephalin, an acetone insoluble, ether soluble fraction of human brain, 
was prepared and diluted in veronal buffer as described elsewhere. Normal washed platelets 
were used instead of cephalin in one experiment, The platelets from 17 ml. of normal blood 
were washed 3 times in about 10 ml. of a fluid made up of 2 parts of veronal buffer, 2 parts 
of 25.66 mM. sodium citrate, and 6 parts of 0.9 Gm. per cent sodium chloride, The platelets 
were resuspended in 6 ml. of the same fluid to give a concentration of about 404,000 per cubie 


millimeter, 
Vethods. 


1. To demonstrate glass activation of PTA: The use of a modified partial thrombo 
plastin time test to demonstrate glass activation of a plasma thromboplastic factor has been 
discussed in detail in an earlier publication.s The same technique was employed in this study 
except that the substrate plasma was PTA deficient. The clotting mixture consisted of: 0.2 
ml. of glass-activated PTA-deficient substrate plasma (providing a relative excess in glass 
activated form of every plasma clotting factor except PTA); 0.2 ml. of a dilution of the 
test plasma, either silicone or glass-activated normal or normal adsorbed plasma (providing 


the only source of PTA activity for the clotting mixture); 0.2 ml. of cephalin diluted 1:50 


in veronal buffer (providing an optimal amount of platelet thromboplastic factor-like a 
9 


tivity); and, after 3 minutes’ incubation at 37° C., 0.2 ml. of 35 mM. caleium chloride, 
When silicone plasma was being tested, silicone-coated glassware was used throughout. 
Since this mixture provides an optimum amount, in glass-activated form, of all other 

clotting factors, the PTA activity of the test plasma determines its clotting time. Therefore, 

at any dilution tested, a shorter clotting time obtained with glass activated than with silicone 


test plasma indicates more PTA activity in the former. 


2. To prove the substrate plasma PTA deficient: Partial thromboplastin time and 
thromboplastin generation tests were used in proving that the 3 patients supplying the sub 
strate plasma were PTA deficient. The partial thromboplastin time was done as described 
above, except that the patient’s plasma and the “correcting reagents,” prepared in glass tubes, 
were not activated with glass beads. A 1:5 dilution of the correcting reagents was used. 

For the thromboplastin generation test, the incubation mixture consisted of equal parts 
of cephalin suspension (in place of platelets), of adsorbed patient’s plasma, of patient’s 
serum, of a correcting reagent, and of 30 mM. calcium chloride. The cephalin was diluted 
1:50 in veronal buffer. Oxalated plasma was adsorbed with barium sulfate, and citrated 
plasma with aluminum hydroxide.* Adsorbed plasma was diluted 1:5 in buffer before use. 
Serum was incubated on the clot for 2 hours at 37° C., citrated with one volume of 0.1 M 
sodium citrate for each 9 volumes of blood, and incubated for 1 hour more at 37° C. Serum 
was diluted 1:10 in buffer before use. The correcting reagents, some of which had been 
stored in the liquid frozen state, were diluted 1:5 if plasma and 1:10 if serum. 

At 3-minute intervals after the mixture was recalcified, 0.2 ml. of the mixture and 0.2 
ml. of 20 mM. calcium chloride were added to 0.2 ml. of substrate plasma. The substrate 
plasma was either the patient’s o1 normal plasma. 

Quantitative AHG and PTC assays were also performed. Pool’ss AHG assay tech 
nique was used. The PTC assay was based upon the correction of the abnormal thrombo 
plastin generation found with glass-activated PTC deficient serum by a 1:100 dilution of 


glass-activated test serum, and will be described in detail in a future publication. 


*Suspension No. 7371, Cutter Laboratories, Berkeley, Calif 
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RESULTS 


1. Proof That the Substrate Plasma Lacked PTA Activity—The experi- 


ments on glass activation are based upon shortening the long partial thrombo- 


plastin time of a PTA deficient substrate plasma. Therefore, they require proof, 


provided below, that the patients furnishing this substrate plasma fulfilled the 
criteria for PTA deficiency.® * 

Case 1.—J. L., a 41-year-old policeman, neither bruises easily nor bleeds unusually from 
small cuts. He played high school football without trouble. However, he bled for about a 


week following a tonsillectomy, and also following 2 tooth extractions. 


A large, incisional 
hematoma formed after a herniorrhaphy. His parents, brother and sister, and son and 
daughter were said to be normal. Our laboratory studies of his son and daughter were normal. 


This patient’s blood has been examined repeatedly over a 2-year period. 
Lee-White clotting times in glass were not prolonged. He formed a firm clot of 
normal size, which retracted promptly and did not lyse. His bleeding time, 
platelet count, Quick prothrombin time, prothrombin-proconvertin _ test,° 
Russell’s viper venom-cephalin prothrombin test,® and one-stage proaccelerin 
assay were all normal. 


TABLE I. PARTIAL THROMBOPLASTIN TIMES ON Patient J. L. (CASE 1) 


PARTIAL THROMBOPLASTIN TIME* 
CORRECTING REAGENT (NORM. 50-90 SEc.) 
Unadsorbed Plasma 
Patient J. L., fresh 141 
Patient J. L., stored 142 
Normal, fresh 98 
Hemophilia A, stored 85 
Hemophilia B, stored 93 


A1(OH), Adsorbed Plasma 
Normal, fresh 
Hemophilia A, stored 
Hemophilia B, stored 


Unadsorbed Serum 
Normal, fresh 
Hemophilia B, stored 
Hageman deficiency, stored 
Patient J. L., stored 
Patient E. G. (Case 3 ), stored 


A1(OH), Adsorbed Serum 
Normal, fresh 
Hemophilia B, stored 92 


correct- 


*System: 0.2 ml. of patient’s undiluted plasma; 0.2 ml. cephalin 1:50; 0.2 ml. 
The times listed are averages of two determinations. 


ing reagent 1:5; 0.2 ml. 35 mM.CaCh. 


Prothrombin consumption, partial thromboplastin time, and thrombo- 
plastin generation tests have consistently demonstrated impaired intrinsic 
thromboplastin formation. Representative partial thromboplastin time values 
are listed in Table I. They show that normal, AHG deficient (hemophilia A), 
and PTC deficient (hemophilia B) plasma shortened the prolonged partial 
thromboplastin time of his fresh plasma, whereas his own plasma, stored liquid 
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frozen for several weeks, did not. Shortening persisted after aluminum 
hydroxide adsorption but was not quite as complete. This is expected since 
adsorption partly removes PTA activity.’ 

Table I also shows that normal serum, stored PTC deficient serum, and 
stored Hageman factor deficient serum completely correeted, and adsorbed 
normal and PTC deficient serum partly corrected, his long partial thrombo- 
plastin time. However, these data must be interpreted with the knowledge 
that his own serum, stored frozen for 11 months, and serum from Patient E, G. 
(Case 3), stored frozen for 3 months, also corrected his clotting time. Rosen- 
thal’ and Laurrieu and her co-workers’® have deseribed increased PTA activ- 
ity on storage that may interfere with matching studies using frozen samples. 

Table II lists the shortest times obtained in a thromboplastin generation 
test when various correcting reagents were added to the incubation mixture. 
It shows that adsorbed normal plasma, adsorbed normal plasma treated with 
thrombin (to destroy AHG), adsorbed hemophilia A plasma, normal serum, 
and hemophilia B serum all corrected his defective thromboplastin generation. 
Oxalated normal serum adsorbed with barium sulfate did not completely 
correct his thromboplastin generation test. 


TABLE IT. SnHorrest THROMBOPLASTIN GENERATION TEST TIMES ON PATIENT JJ. 


CORRECTING REAGENT CLOTTING TIME (NORM. 
Buffer 
BaSO, Adsorbed Plasma 
Normal 
Normal, thrombin treated 
Hemophilia A 


Serum 
Normal 9.5 
Hemophilia B 9.5 
Normal, BaSO, adsorbed 15.5 


The patient’s plasma corrected the abnormal thromboplastin generation 
test of a patient with hemophilia A, and his serum corrected the ab- 
normal thromboplastin generation of several patients with hemophilia B. 
Quantitative assay of his plasma for AHG and his serum for PTC yielded 
values of 96 and 160 per cent, respectively. 


CasE 2.—D. G. is a 27 year-old housewife without unusual bruising. Her menstrual 
periods last 2 weeks, with one week of heavy flow. She escaped serious bleeding after a 
tonsillectomy, a tooth extraction, and 2 deliveries. However, she bled for 2 weeks following 
extraction of a wisdom tooth. A severe hemorrhage, requiring transfusions, followed a cer 
vical biopsy. Studies at that time by Dr. Maurice Yettra of the Southern California Perma 
nente Medical Group led to a tentative diagnosis of PTA deficiency. Her father and a 


paternal aunt are said to bleed following surgery or tooth extraction. 

We found that her blood clotted without delay in glass tubes, forming 
a firm clot of normal size which retracted promptly and did not lyse. Her 
platelets were adequate in number and appearance on stained smear. Her 
Quick prothrombin time, prothrombin-proconvertin test, Russell’s viper venom- 
cephalin prothrombin test, one-stage proaccelerin assay, and thrombin time 
were all normal. 
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Prothrombin consumption, partial thromboplastin time, and thrombo- 
plastin generation tests disclosed impaired intrinsic thromboplastin forma- 
tion. The effect of various correcting reagents upon her partial thrombo- 
plastin and her shortest thromboplastin generation test time is shown in Table 
Ill. These data show that adsorbed normal, hemophilia A, and hemophilia B 
plasmas shortened her partial thromboplastin time significantly and to the 
same extent, whereas adsorbed plasma from Case 1 (J. L.) did not. Normal 
and hemophilia B serum completely corrected her partial thromboplastin 
time, and contrasted with stored serum from Case 1 which gave ineomplete 
correction. Partial correction persisted after aluminum hydroxide adsorption 
of citrated normal and hemophilia B serum, 


TABLE IIT. PArtiaAL THROMBOPLASTIN TIMES AND SHORTEST THROMBOPLASTIN GENERATION 
Test TIMES ON Patient D, G. (CASE 2) 


PARTIAL THROMBO THROMBOPLASTIN 

PLASTIN TIME* GENERATION TIME 

CORRECTING REAGENT NORM, 50-90 SEC.) (NORM. 9-13 SEC. 
Buffer 18 


Unadsorbed plasma 
Patient D. G., fresh 
Normal, fresh 


A1(OH), adsorbed plasma 
Normal, fresh 
Hemophilia A, stored 
Hemophilia B, stored 
Patient J. L. (Case 1), stored 


Unadsorbed serum 
Normal, fresh 
Hemophilia B, stored 
Patient J. L. (Case 2), stored 


A1(OH), adsorbed serum 
Normal, fresh 
Hemophilia B, stored 


*Averages of two determinations. 


Table III also shows that normal thromboplastin generation test times 
were obtained when normal adsorbed plasma, normal serum, or hemophilia 
B serum was added to the incubation mixture. Quantitative AHG assay of 


her plasma and PTC assay of her serum gave values of 90 and 70 per cent, 
respectively. 


CASE 3.—E, G. is a 4l-year-old white woman who “bled for days” after a tonsillectomy 
and after each of 4 tooth extractions. She bled excessively after one delivery but not after 
another. Hemorrhage following a nasal polypectomy was severe enough to require a trans 
fusion. Her menstrual periods have always been heavy. Spontaneous ecchymoses have been 
rare and small, and bleeding from cuts has always stopped without difficulty. 

She stated that her mother also bled easily and had required 17 units of blood during 


a radical neck dissection. Her father, brother, and 2 sons have not bled abnormally. 


Her blood clotted promptly in glass tubes, and her plasma behaved nor- 
mally in the Quick prothrombin, prothrombin-proconvertin, Russell’s viper 
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venom-cephalin prothrombin, one-stage proaecelerin, and thrombin time tests. 
Partial thromboplastin time, prothrombin consumption, and thromboplastin 
generation tests revealed impaired intrinsie thromboplastin formation. As 
Table IV shows, this was corrected by normal plasma, adsorbed normal plasma, 
adsorbed hemophilia A plasma, normal serum, hemophilia B serum, and Hage- 
man faetor deficient serum. In contrast, stored adsorbed plasma from Case 
| (J. L.) failed to correct either her partial thromboplastin time or her throm- 
hoplastin generation test. However, his stored serum partly corrected her 
partial thromboplastin time and completely correeted her thromboplastin 
generation test. Quantitative AHG assay of the patient’s plasma and PTC 
assay of her serum yielded values of 80 and 120 per cent, respectively. 


TABLE LV. PARTIAL THROMBOPLASTIN TIMES AND SHORTEST THROMBOPLASTIN GENERATION 
Test TIMES ON PatTIeENT E. G. (CASE 3) 


PARTIAL THROMBO THROMBOPLASTIN 
PLASTIN TIME* GENERATION TIME 
CORRECTING REAGENT NORM. 50-90 SEC. NORM. 9-13 SEC. 


Buffer 240 19.5 
Unadsorbed Plasma 


Normal, fresh 


BaSO, Adsorbed Plasma 
Normal, fresh 


A1(OH), Adsorbed Plasma 
Normal, fresh 
Hemophilia A, stored 
Patient J. L. (Case 1), stored 


Unadsorbed Serum 
Normal, fresh 
Hemophilia B, stored 
Hageman deficiency, stored 
Patient J. L. (Case 1), stored 


*Averages of two determinations. 
2. Proof That Glass Increases the Ability of Normal Plasma to Correct 
PTA Deficient Plasma.—Table V lists the partial thromboplastin times ob- 
tained when dilutions of silicone and glass-activated normal and normal 
BaSO, adsorbed plasma were added to glass-activated PTA deficient substrate 
plasma from the above-deseribed patients. These data clearly show that glass- 
activated plasma always shortened the clotting time more effectively than 
silicone plasma. Thus, in the experiments with substrate plasma from pa 
tients J. L. and D. G., a 1:20 dilution of glass-activated plasma exceeded the 
effect of undiluted silicone plasma. Since the glass-activated PTA deficient 
substrate plasma contained every clotting factor except PTA in a glass-acti- 
vated state, the increased effectiveness of normal plasma after exposure to 
glass must represent a glass-induced increase in PTA activity. 


The slight possibility existed that plasma PTA activity might require 
glass activation when platelet substitutes such as cephalin, but not platelets 


themselves, were used as the partial thromboplastin. Therefore, the experi- 
ments on Patient E. G.’s plasma were repeated to check this point. As the 
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data in Table VI clearly show, substituting platelets for cephalin in the partial 
thromboplastin time test did not alter the results. Plasma PTA requires ex- 
posure to glass to aequire in vitro activity when either platelets or cephalin 
serves as the lipid thromboplastie factor. 


TABLE V. SHORTENING OF THE PARTIAL THROMBOPLASTIN TIME OF PTA Derictent PLASMA 
BY SILICONE AND GLASS-ACTIVATED NORMAL AND NORMAL ADSORBED PLASMA 


PARTIAL THROMBOPLASTIN TIMES* ON ADDING 

TEST NORMAL PLASMA NORMAL BaSO, ADS. PLASMA 

PLASMA BUFFER SILICONE GLASS-ACT. SILICONE GLASS-ACT. 

PATIENT DILUTION ( SEC.) SEC, 
J.L. 30 

und. 130 5s 5 80 

1:5 125 100 

1:10 120 : 100 

1:20 9: : 105 


SEC, ( SEC, ) (SEC. 


und, 70 
1:5 74 
1:10 76 92 
1:20 f 5 98 


und, : 100 
y : 120 
140 

145 


*System 0.2 ml. of patient's “glass activated” plasma; 0.2 ml. of a dilution of silicone 


or glass activated normal plasma; 0.2 ml. of cephalin; and 0.2 ml. of calcium chloride. The 
times listed are averages of two determinations 


TABLE VI. THE DEMONSTRATION OF GLASS ACTIVATION OF PTA WHEN EITHER CEPHALIN 
OR PLATELETS ARE USED IN THE PARTIAL THROMBOPLASTIN TIME TEST 


PARTIAL THROMBOPLASTIN TIMES ON ADDING 
LIPID NORMAL BaSQ,, ADS. 
THROMBO TEST NORMAL PLASMA PLASMA 
PLASTIN PLASMA BUFFER SILICONE GLASS-ACT. SILICONE GLASS-ACT. 
FACTOR DILUTION (SEC. ( SEC.) ( SEC.) ( SEC. ) (SEC. ) 
Cephalin und. 109* 125 60 104 
1:5 108 65 102 
1:10 100 69 95 
Platelets und, 122 61 134 
1:5 105 68 103 
1:10 104 77 99 


*The shorter times in general on this date are due to the residual effects of a normal 
Plasma transfusion Patient E. G. received several days earlier. 


Note that the clotting times often shortened when silicone test plasma 


was diluted, but always lengthened when glass-activated plasma was diluted. 
Tocantins has reported dilution-activation of clotting factors. Our data 
suggest that dilution can activate PTA in silicone plasma and thus compensate 
for the dilution itself. Glass-activated plasma, already fully activated by 
the glass, could only diminish in activity on dilution. 


DISCUSSION 


In 1953, Rosenthal and co-workers® described a mild hemorrhagic disease 
that resembled hemophilia in stemming from defective intrinsic thromboplastin 
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formation but differed from either hemophilia A or B in being transmitted 
as an autosomal dominant trait’? and in being corrected in vitro both by 
barium sulfate adsorbed plasma and by serum. Rosenthal attributed its 
cause to a deficiency of a third plasma thromboplastic factor, PTA (plasma 
thromboplastin antecedent), whose properties he described.’ 

Enough patients have been discovered'** to confirm that PTA deficiency 
is a distinct hemorrhagic syndrome. However, considerable doubt remains 
that the PTA syndrome represents a deficiency of a new plasma thrombo- 
plastic factor. One hypothesis, advanced because PTA shares properties 
with both AHG and PTC, is that PTA deficiency may be combined mild AHG 
and PTC deficiency.'® To cheek this possibility, quantitative AHG and PTC 
levels were measured in our patients. In each, values for both AHG and PTC 
fell within the normal range. 

PTA deficient plasma has been reported to acquire some PTA activity on 
storage.” *° We found that a stored serum sample from Case 1 corrected the 
abnormal partial thromboplastin time of his own fresh plasma, and partially 
corrected that of Cases 2 and 3. Stored serum from Case 3 also corrected 
the partial thromboplastin time of Case 1. In contrast, stored platelet-poor 
plasma from Case 1 failed to correct the partial thromboplastin time of his 
own fresh plasma, or of Cases 2 and 3. We also found, on repeated thrombo- 
plastin generation studies of Case 1, that an incubation mixture of cephalin, 
the patient’s fresh adsorbed plasma and the patient’s fresh serum always re- 
sulted in defective thromboplastin formation. When his stored plasma and 
serum were used in the incubation mixture, normal values were sometimes 
obtained. These findings add to the evidence that storage may increase PTA 
activity and, therefore, to the doubt that the PTA defect is simply an absence 
of a plasma thromboplastie factor. 

Plasma PTA activity, whatever its ultimate explanation, requires contact 
with glass for its full in vitro expression. Indeed the extent of its glass-in- 
duced inerease in activity suggests that PTA exists in circulating plasma 
largely, if not entirely, in an inactive state. Thus, we found that normal 
silicone plasma did not shorten the prolonged partial thromboplastin time of 
glass-activated PTA deficient plasma effectively. The same plasma, after 
being shaken with glass beads, produced marked shortening. These results 
also emphasize the necessity for standardizing exposure to glass in construct- 
ing a quantitative assay for plasma PTA activity. 

Barium sulfate adsorbed normal silicone plasma possessed PTA activity, 
which could also be activated with glass. This confirmed Shafrir and DeVries’ 


observation of a glass-enhaneable clotting activity, not AHG, in barium sulfate 


adsorbed plasma, and proved correct their assumption that this activity might 


be PTA. It may also explain Margolis’ finding that glass activated alumi- 
num hydroxide adsorbed plasma. 

Glass, therefore, can increase at least 3 plasma clotting activities—pro- 
eonvertin, PTC, and PTA. It is noteworthy that all 3 also increase in activity 
during clotting, i.e., all 3 are ‘‘serum factors’’ whose activity state is greater 
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in serum than in plasma. One is tempted to predict that glass will also be 
found to activate Stuart factor,’® a clotting activity closely resembling both 
proconvertin and PTC. 

Evidence was presented elsewhere® which suggested that the mechanism 
of proconvertin activation by glass and by brain thromboplastin during 
clotting was similar. Perhaps the activation of proconvertin, PTC, and PTA 
by glass and by the intrinsic thromboplastin that forms during spontaneous 
clotting also involves the same mechanism. Nothing is known of the physico- 
chemical changes in these clotting factors that glass produces. Although 
glass adsorption of a clotting inhibitor has been postulated,’ attempts to 
elute such an inhibitor from glass have failed. 

An abstract by Ratnoff and Rosenblum” has recently appeared stating 
that plasma from patients with Hageman trait is deficient in glass-reactive 
property. These investigators believe, therefore, that glass accelerates clot- 
ting by removing an inhibitor from Hageman factor, and that glass-activated 
Hageman factor initiates in vitro clotting. This hypothesis is difficult to 
reconcile with the evidence that glass activates PTC, PTA and proconvertin. 

However, Ratnoff and Rosenblum also report that mixing duck plasma 
(which is thought to be deficient in Hageman factor) with human plasma be- 
fore exposure to glass, prevents the clot-promoting effect of glass. This sug- 
gests an alternative hypothesis that could fit both their observation that glass 
cannot activate Hageman factor deficient plasma and our observations that 
glass can activate plasma proconvertin,® PTC,’ and PTA. Perhaps the Hage- 
man defect is not a thromboplastin factor deficiency state but an anomalous 
plasma physicochemical state that prevents glass contact from activating 
proconvertin, PTC, and PTA. If adding a small amount of activated PTA 
or PTC could circumvent this anomaly and allow blood thromboplastin to 
generate normally in glass vessels, this hypothesis would explain the Hageman 
defect. Particularly, since the in vivo activation of proconvertin, PTC, and 


PTA obviously cannot involve glass contact, it would explain why patients 
with Hageman factor deficiency do not bleed abnormally despite their pro- 


found elotting defect in glass vessels. 


SUMMARY 


Plasma from 3 patients with PTA deficiency was shaken with glass beads 
to make a glass-activated substrate plasma. The prolonged partial thrombo- 
plastin time of this PTA-deficient substrate plasma was effectively shortened 
by glass-activated normal plasma but not by normal plasma that had been 
exposed only to silicone-coated surfaces. This is strong evidence that ex- 
posure to glass increases plasma PTA activity, and suggests that PTA may 
exist in circulating plasma largely, if not entirely, in an inactive state, 


Case 1 was studied through the cooperation of Dr. Madeleine Fallon, and Cases 2 and 


3 through the cooperation of Dr. Maurice Yettra. Dr. Joseph Goodman helped with prelimi 


nary studies of Case 1. 


We are indeb ed to Dr. Arthur Seaman for the Hageman factor deficient serum. 
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DELETION OF PLASMA THROMBOPLASTIN FACTOR D 
DEFICIENCY 
TuHEoporeE H. Spart, M.D., Oscar D. Ratnorr, M.D., Joun B. Granam, M.D., 
IrvinG ScHuLMAN, M.D., ano Ropert L. Rosenruar, M.D. 
New York, N. Y. 

N 1954, Spaet and associates' reported studies on a patient with a blood 
| coagulation disorder involving thromboplastin formation. The data suggested 
a clotting defect distinct from any previously described, and it was postulated 
that the patient lacked a hitherto unrecognized clotting factor. It was sug- 
gested that the factor be designated “plasma thromboplastin factor D (PTF-D),” 
and the associated deficiency “tetartohemophilia.” Abnormal coagulation tests 
included slight prolongation of the whole blood clotting time and moderately 
impaired prothrombin consumption. In the thromboplastin generation test 
the patient’s serum reagent was markedly abnormal, and his plasma reagent 
was moderately defective. Plasma thromboplastin factor D was thought to be 
present in serum, and was apparently partially adsorbed onto barium sulfate. 


Prothrombin consumption improved when the patient’s blood was mixed with 


blood obtained from patients with hemophilia, plasma thromboplastin compo- 
nent (PTC) deficiency, and plasma thromboplastin antecedent (PTA) de- 
ficiency. 


Since the original report appeared, no new cases of tetartohemophilia have 
been reported or established, and several authors have expressed doubt concern- 
ing the existence of this entity.** Accordingly, a cooperative study was under- 
taken in which the patient traveled to several interested laboratories. An 
unusual opportunity was thereby provided in which fresh blood of the proto- 
type patient was available to each investigator for study by his individual 
methods. The data obtained are in agreement, and are compatible with the 
view that the patient has mild PTC deficiency combined with a circulating 
anticoagulant of low titer. It was not necessary to explain the clotting defect 


in terms of a “new” coagulation factor deficiency. 


METHODS 


Methods used in the present study have been described in detail elsewhere.5-10 


Adaptations applied to specific problems will be presented with the data. 


From the Department of Hematology, Laboratory Division, Montefiore Hospital, New 
York: the Department of Medicine, Western Reserve University School of Medicine, Cleveland ; 
the Department of Pathology, University of North Carolina, Chapel Hill; the Department of 
Pediatrics, Cornell University Medical School; and the Levy Foundation, Beth Israel Hospital, 
New York. 

This study was supported by grants from the U. S. Public Health Service, and from the 
Cleveland Area Heart Society. 

Received for publication April 22, 1958. 
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RESULTS 
Table I lists the data obtained by the sereening methods used in th 


participating laboratories. Generally close agreement is shown among them 


and with those reported in the original study. Some diserepaney was ob- 


tained with the prothrombin consumption test, which was most abnormal at 
the Montefiore and Chapel Hill Laboratories. The thromboplastin generation 
test was markedly abnormal when the patient’s plasma and serum reagents 
were used. Considerable correction resulted with substitution of normal 
serum reagent; less improvement followed the introduction of normal plasma 
reagent. As had been previously reported, assays for platelets, antihemophilic 
factor, plasma thromboplastin antecedent, the ‘‘prothrombin complex,’’ and 
fibrinogen were within normal limits. 


TABLE I. COAGULATION DEFECT BY SCREENING TESTS 


TEST SPAET RATNOF! GRAHAM SCHULMAN | ROSENTHAI 
Whole blood coagulation 10 12 10.5 14 
time (minutes) 18-31 5-10 5-10 (5-11 


Plasma recalcified clotting 660 150 180 


time seconds :00-600 90-180 90-270 


Serum prothrombin time 
(seconds) 


(per cent 


Partial thromboplastin 
time (seconds 


Heparin clotting time 
minutes 


Thromboplastin Generation Test (Clotting Ti n Seconds) 


INCUBATION TIME ( MINUTES ) l 
Patient’s plasma and serum 

Spaet 

Graham 

Schulman 

Rosenthal 
Patient’s plasma, normal serum 

Spaet 

Graham 

Schulman 

Rosenthal 


Normal plasma, patient’s serum 
Spaet 
Graham 
Schulman 
Rosenthal 17 





Control 
Spaet p44 11 10 
Graham : 12 11 12 11 14 
Schulman 8-11 in 3-7 minutes of incubation 
Rosenthal : 6 1] 


Normal values given in parentheses 


Studies in each laboratory demonstrated independently that there was 
an abnormally low concentration of PTC in the patient’s plasma and serum. 
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Fig. 1.—Mixtures of the patient’s with PTC-deficient serum in the thromboplastin genera- 
tion test A, Spaet: PTC-deficient serum diluted to 20 per cent was mixed with an equal 
volume of test serum diluted as indicated, and 6-minute thromboplastin times are recorded. 
B, Schulman: One volume of test serum mixed with 3 volumes of PTC-deficient serum, each 
diluted to 10 per cent. 
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Table Il and Fig. 1 show that the patient’s reagents were markedly less ef 
feetive than those obtained from normal subjects in correcting the clotting 
defect of PTC-deficient specimens. On the basis of comparison with variously 
diluted normal reagents, there appeared to be approximately 10 per cent 
PTC activity. Conversely, as originally reported,' concentrated PTC im 
proved the patient’s defeet. 


TABLE LI. IDENTIFICATION OF PTC DEFICIENCY 


Recaleified Clotting Time in Minutes (Ratnoff ):* 
PTC-Deficient Plasma Plus an Equal Volume of: 
Patient’s plasma 1:20 
Normal plasma 1:20 
Normal plasma 1:80 


Partial Thromboplastin Time in Seconds (Graham): 
PTC-Deficient Plasma Plus an Equal Volume of: 
Patient’s plasma 
Normal plasma 117 


AHF-Deficient Plasma Plus an Equal Volume of: 
Patient’s plasma 12] 
Normal plasma 


Serum Prothrombin Time in Seconds of PTC-Deficient Whole Blood (Spaet 


CONCENTRATION PER CENT PATIENT’S PLASMA NORMAL PLASMA 
2.0 34 46 

1.0 30 39 
0.5 2S 34 


PTC-Deficient Whole Blood Coaqulation Time in Minutes (Rosenthal): 
PTC-DEFICIENT BLOOD PLUS 0.1 ML. OF: ADDED TO 1 ML. ADDED 
Patient’s plasma 12 
Isotonic saline 18 
PTC-deficient plasma 15 
PTA-deficient plasma 15 
Normal plasma 1] 


Serum Prothrombin Time in Seconds of PTC-Deficient Whole Blocd (Rosenthal): 


PTC-DEFICIENT BLOOD PLUS 0.1 ML. OF: ADDED TO 1 ML. ADDED 
Patient’s plasma 20 

Isotonic saline 

PTC-deficient plasma 

PTA-deficient plasma 

Normal plasma 


*Similar results were obtained with BaSO, eluates of the patient's and normal plasma 
Additional data suggested the presence of a weak circulating anticoagu- 
lant, as shown in Table III. The patient’s plasma produced slight prolonga- 
tion of the partial thromboplastin time in normal plasma, and the patient’s 
prothrombin consumption failed to respond to normal plasma with the degree 
of improvement seen in uncomplicated PTC deficiency. Anticoagulant activ 


ity was insufficient to prolong the reealcified clotting time of an equal volume 


of normal plasma, whether the mixture was tested with or without prolonged 
incubation. The presence of such an anticoagulant may explain the patient’s 
poor response to transfused plasma and plasma fractions, and it may aecount 
for the slight prolongation of the partial thromboplastin time encountered 
with mixtures of the patient’s plasma with hemophilic plasma (Table II). 
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Paper electrophoresis of the patient’s serum in barbital buffer of 0.05 
ionie strength and pH 8.6 showed an abnormal peak in the beta globulin 


Fig. 2 Paper electrophoresis of patient's serum 


region (Fig. 2). The significance of this abnormality is not clear, but it 
differs both from the alpha-X component described in certain hemophiliacs” 
and from the increased gamma globulin associated with the ‘‘immune’’ types 


of anticoagulants.'” 
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TABLE IIT. EvIpENCE FOR ANTICOAGULANT 


Recalcified Clotting Time in Minutes (Ratnoff ) 
Equal Volumes of Patient’s and Normal Plasma Incubated for 3 Hours. 
Incubated in mixture 6 
Incubated separately, then mixed 8 
Patient’s plasma alone 1] 
Normal plasma alone < 10 


Partial Thromboplastin Time in Seconds (Graham) 
Equal Volumes of Patient’s and Normal Plasma. 
Normal plasma alone 
Patient’s plasma alone 
Mixture 78 


Serum Prothrombin Time in Seconds of Whole Blood (Spaet) 
(0.1 ml. of normal plasma reagent added to 1.9 ml. of blood) 


CONCENTRATION OF NORMAL 
PLASMA (9%) PATIENT UNCOMPLICATED PTC DEFICIENCY 
5 42 59 
: +. 


° ° 


) 
l 24 


22 
0 } 


) 
) 
l 


aT 
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DISCUSSION 


The data presented indicate that the patient previously described as 
PTF-D deficiency (tetartohemophilia) has in facet PTC deficiency, probably 
complicated by a weak circulating anticoagulant. Removal of one factor from 
the complicated scheme of blood coagulation is weleome, and the study has 
illuminated certain other points of interest, not the least of which is the 
value of cooperative effort. The opportunity to study certain patients with 
rare or obscure clotting defects, using fresh specimens directly obtained, 
presents a tremendous advantage over transmission of stored reagents. It 
is particularly the case with coagulation factors that certain of these may 
develop increased activity whereas others lose potency even in frozen or 
lyophilized state. 

Our experience with this patient illustrates the fact that mild coagulation 
disorders present difficulties in diagnosis by techniques in widespread use. 
In the original study, PTC deficiency was ‘‘excluded’’ beeause the patient's 
plasma improved the prothrombin consumption of PTC-deficient blood. This 
improvement evidently resulted from the small amount of PTC present in 
the patient’s plasma, and the minute amount of PTC required for normal 
prothrombin consumption is, therefore, again demonstrated. It is evident 
that mild PTC deficiency may be missed by prothrombin consumption tech- 
niques unless low concentrations of test reagents are used. Similar difficulties 
will be encountered with other clotting disorders until sensitive and reliable 
assay procedures are available. This problem is underlined by certain pa- 
tients who give variable and bizarre cross-correction patterns on repeated 
examination." 

Kinally, the present study underlines the importance of low-titer anti- 
coagulants. Circulating anticoagulants usually go undetected unless they 
are of such potency that small concentrations interfere with the clotting of 
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normal blood or plasma, By this eriterion no anticoagulant could be detected 
in the present patient. Evidence for its presence included the failure of the 
patient’s blood to respond with adequate improvement of clotting following 
the introduction of normal plasma either in vitro or in vivo and suggested 
interference of the normal partial thromboplastin time by equal volumes 
of the patient’s plasma, an abnormal plasma reagent curve in the thrombo 


plastin generation test, and a more severe clotting defect than would be 
anticipated with a PTC level of 10 per cent. ‘‘Mild’’ as these anticoagulants 
may be, they are probably of considerable clinical significance; they may 


well account for the development of the resistance to transfusion encountered 
in certain patients with hemophilia and PTC deficiency and may explain cer 
tain obscure acquired clotting disorders. 


SUMMARY 


A patient previously reported to be deficient in plasma thromboplastin 
D (PTEF-D) has been found to have mild PTC deficiency probably associated 
with a circulating anticoagulant. 
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STUDIES INVOLVING FAT UTILIZATION IN TRAUMATIZED RATS 
LeRoy W. Marruews, M.D., Joy Lem, B.S., Nancy CZARNECKI, AND 


STANLEY Levey, Px.D. 
(CLEVELAND, OHIO 


URING a series of studies involving the effeets of regimens high in calories 
D and nitrogen on the nitrogen deficit in postoperative patients' the question 
arose as to the utilization of intravenously administered fat in the traumatized 
individual. It is well known that postoperative patients have a decreased tol 
erance to glucose but not to intravenously administered fructose* during the 


immediate postoperative period. The abnormality in metabolism of glucose can 


be demonstrated by the impaired glucose tolerance curve and by the spillage o 


sugar into the urine. The increased nitrogen exeretion by the traumatized or 
postoperative individual or animal has also been documented. The effect ot 
trauma or of surgery on the utilization of fat has not been specifically deter 
mined. There are indications derived from minimizing weight loss and nitrogen 
deficits in postoperative patients which indicate adequate utilization of fat 
emulsions; however, this is all indirect evidence.’ 


It was the purpose of this study to determine the effect of trauma on the 
rate of utilization of C'-labeled laurie acid administered intravenously as emu 
sified trilaurin. 


METHODS 


Male Sprague-Dawley rats weighing 100 to 125 grams were maintained on standard 
dog chow and their growth observed. When they reached 150 + 10 grams, and had normal 
growth rates, they were placed in individual cages for study. While under ether anesthesia 
the test animals had the tibia, fibula, and femur of their left leg broken with a heavy 
hemostat and the metatarsal portion of the same foot crushed. The control animals were 
not subjected to trauma but were anesthetized for a similar period. Twenty-four hours after 
the injury occurred, the animals each received intravenously 1.6 ml. (equivalent to 80 mg. 
of trilaurin) per 100 grams of body weight of the labeled trilaurin emulsion. Between 
the time of injury and the administration of the fat emulsion the rats received no food but 
were allowed water. 

Immediately following the administration of the fat the rats were placed in respirom 
eter chambers and their expired CO, collected in 1 N NaOH for 4 one-half hour, 2 one-hour, 
and 1 two-hour consecutive periods (total of 6 hours). Aliquots of the alkali-carbonate 
solutions were then used for the determination of total expired CO, by the Van-Slyke 
manometric technique, and for the total expired C140, by radioactivity assays of BaCO 
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samples prepared and counted according to the method described by Solomon and asso 
ciates.?7 Preparation of the fat emulsion as well as the calculations and correction factors 


utilized in analyzing the data have been previously described. 


RESULTS 
The rate of utilization of intravenously administered labeled (C**-00-) 
trilaurin was studied in 7 control and 8 traumatized rats (Table 1). There was 
no statistically significant difference between the average amount of carbon 
dioxide expired by the control and traumatized rats during the 6-hour study 
period. Also, no significant differences were noted between the 2 groups for the 
total amount of carbon dioxide expired or of fat utilized to CO, at any of the 
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Fig. 1.—Total carbon dioxide expired and fat utilized by the traumatized and control 
rats, after the administration of a fat emulsion intravenously. The fat was injected at zero 


time. 

7 time intervals studied (Fig. 1). Sinee the amount of carbon dioxide ex- 
pired over a definite period of time is an index of metabolic activity, it is 
probable that the metabolie rates of these 2 groups of animals were not signifi- 
cantly different. The average per cent of the administered C™ recovered in the 
expired CO, over the 6-hour period was similar for both groups of rats. The 
slight increase in CO, output and decrease in trilaurin utilization noted in the 
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traumatized rats as compared to the control rats results in a greater difference 
in the specifie activity of the expired CO, between the two groups; however, 


this difference is not statistically significant (P<0.1 


TABLE I. UTILIZATION OF TRILAURIN IN NORMAL AND TRAUMATIZED RATS 
6-Hour CUMULATIVE RESULTS 


CONTROL tAl 

CO FAT co 

XPIRED UTILIZED SPECIFI¢ WT. PIREI ri ED | SPECIFIK 
mM. i, ACTIVITY » iM mM, ACTIVITY 
$4.32 59.32 1.338 } 19.04 010 
294 


1. 

$4.82 $7.56 1.061 37.20 1. 
37.43 52.07 1.391 52.7 16.64 : 1.218 
39.65 50.45 wie y ‘ $2.03 1.215 
$1.97 $9.60 1.182 os. 50.34 1.105 
38.30 52.34 1.366 : 5 $8.16 1.249 
$7.18 59.79 1.250 ¢ 15.94 j 1.103 
$5.94 wy 0.953 
Average 42.04 53.0% 1.266 $5.37 1.143 
+3.81+ ms +4.29 +5.3 +0.120 


*Specific activity per cent 


val 
‘Standard deviation \ —~ 
n-1 


DISCUSSION 


These results show little or no difference in metabolism of intravenously 
administered fat emulsions between traumatized and control rats. The small 
differences seen, however, are in the direction we would anticipate from previous 
results using cortisone-treated rats.° Cortisone at a dosage level of 0.66 mg. per 
100 Gm. body weight per day causes a significant decrease in both the utilization 
of exogenous tripalmitin and in the turnover rate o1 total body fat. At least 
two factors probably play a role in limiting the differences found in this study: 
the degree of trauma which influences the resultant stress reaction and the 
labeled fat used in the study. Unfortunately other parameters for estimating 
the severity of the stress reaction were not obtained. It should be noted, how- 
ever, that Cuthbertson and associates’ have found that the trauma resulting 
from a fracture of the femur of one leg of the rat was of sufficient magnitude 
to cause an inerease in nitrogen, potassium, sulfur, and phosphorus excretion 
in the urine. The stress employed in the present work was much greater since 
there were fractures of the tibia and fibula and crush of the metatarsal area in 
addition to a fracture of the femur. 

Trilaurin was deliberately used in this study since laurie acid constitutes 
approximately 50 per cent of the component fatty acids of coconut oil which 
is the fat that is used in some of the emulsions prepared for parenteral use. 
Previous work with this fatty acid, however, demonstrates that its oxidative 
utilization proceeds at a more rapid rate than the oxidative utilization of the 
longer chain palmitie acid and that endocrine changes (i.e., hypophysectomy 
and cortisone administration) affect its utilization to a lesser degree.* ° 

Since the amount of carbon dioxide expired per unit time is an index of 
the metabolic rate and since the amount of carbon dioxide expired by the two 
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groups of animals were similar, one might conclude that the metabolic rates 
of the animals traumatized in this manner were not different from the controls. 


SUMMARY 


The utilization of C'*-00-labeled trilaurin administered intravenously in 
an emulsified form was studied in control rats and in rats subjected to multiple 
fractures of the left hind leg. No significant differences were demonstrated 


in the total amount of CO, expired, total amount of C™ expired, or in specific 


activity of the expired CO, between these 2 groups. Thus, it may be concluded 
that intravenously administered fat emulsions are utilized in the traumatized 
and the untraumatized rat in a similar manner. 
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STUDIES ON THE NORMAL SERUM PANAGGLUTININ ACTIVE 
AGAINST TRYPSINATED HUMAN ERYTHROCYTES 
IV. THe PRESENCE OF NoRMAL SERUM PANAGGLUTININ IN PATIENTS WITH 
CONGENITAL AGAMMAGLOBULINEMIA 


Martin J. Smiru, A.B.,* aANp THroporeE H. Spaet, M.D. 
New York, N. Y. 


REVIOUS studies have demonstrated that there exists in normal human 

serum an agglutinin which reacts against trypsinated erythrocytes of the 
same blood specimen and against those of other compatible donors.'’':? This 
normal autoagglutinin (NAA) has been found in all sera tested. It differs 
from pathologic agglutinins in that it produces only immediate agglutination: 
if ineubation of the agglutinated cells is allowed to proceed at room tempera 
ture or at 37° C., there is dispersion of the cells and agglutination reversal. 

In its ability to agglutinate trypsinated erythrocytes NAA resembles anti- 
body. There is additional resemblance in the finding that NAA appears to 
be a specifie protein which can be adsorbed onto and eluted from trypsinated 
erythroeytes.? Despite these similarities, certain findings tend to weigh against 
consideration of NAA as an antibody. (1) Normal NAA titers have been 
found at birth and during the first year of life, when antibody production is 
minimal.* (2) NAA is found in the serum protein fraction I + III of Cohn.* This 
fraction consists primarily of alpha and beta globulins. Antibodies are found 
characteristically in Cohn fraction II, the y-globulin fraction. (3) There is 
no clear evidence that NAA titers are altered during the course of various 
diseases. 

In the present study, sera from patients with congenital agammaglobu- 
linemia were studied for the presence of NAA. It would appear that these 
patients are incapable of producing antibody*; and the finding of NAA in their 
sera would be additional evidence favoring its nonantibody nature. 


METHODS AND MATERIALS 


Blood specimens were drawn and NAA titers were determined by techniques previously 
described.2, 6 Cells were trypsinated with crystalline trypsin solution Armour), and each 
serum was tested against its own erythrocytes, 

The patients with congenital agammaglobulinemia were all children who had the 
typical symptoms of repeated infections. Although all were receiving regular injections 


of gamma globulin, none of their sera showed more than a trace of gamma globulin by 
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paper electrophoresis at the time of study; in most none was detectable. In none of 
the sera was there any demonstrable alpha or beta isoagglutinin. Several of the patients 
had been extensively studied at other institutions. Patients Rob. A. and Ron. A. gave 
no demonstrable yield of gamma globulin with Cohn fractionation of their sera; both 
maintained a positive Schick test despite repeated attempts at diphtheria immunization. No 
plasma cells were found in the bone marrows of these children. Immunochemical studies 
revealed only trace amounts of gamma globulin in the sera of patients J. J. and R. M. 


Additional subjects tested were normal volunteers and a patient with severe hypopro 
teinemia resulting from the nephrotic syndrome. 


RESULTS 
As seen in Table I, NAA titers of patients with congenital agammaglobu- 
linemia and the patient with hypoproteinemia were within the normal range. 
When a sufficient amount of gamma globulin coneentrate (Lederle) was added 


to agammaglobulinemie serum to give a final concentration of 1 per cent, no 
change in NAA titer resulted. 


TABLE I. PANAGGLUTININ TITERS OF PATIENTS STUDIED 


DAYS SINCE LAST 
PATIENT *y-GLOBULIN INJECTION 


Rob. A. i 21 
Ron. A. < 21 
. = 14 
R. M. 5 
M,. F. 30 
Nephrotic ( protein 

3.89% ) 


Controls 


DISCUSSION 

Patients with congenital agammaglobulinemia lack the antibodies com- 
monly found in normal subjects; they fail to respond with antibody production 
when challenged with potent antigens; and they have no demonstrable alpha 
or beta isoagglutinins for incompatible erythrocytes—agglutinins whose anti- 
body nature is still in doubt.°* The finding of NAA in these patients pro- 
vides additional evidence that this agglutinin is not an antibody despite its 
antibody-like behavior. NAA is thus added to the list of agents whose ability 
to agglutinate erythrocytes is purely incidental. These included salicie acid,* 
plant agglutinins,’ basic polyamino acids,” multivalent metallic eations,"' and 


other unrelated substances. There has been a recent trend to accept many 


disorders as ‘‘immunologic’’ in nature beeause they are accompanied by cir- 


culating agents that have antibody-like activity. Included are varieties of 
acquired hemolytic anemia, thromboeytopenie purpura, and leukopenia in 
which ‘‘autoantibodies’’ have been found.’* Since nonantibody hemagglutinins 
are so readily demonstrable, it is probably wise to suspend final judgment as to 
the pathogenesis of these disorders until it can be established whether or not a 
specific antigen results in true immunologic formation of the appropriate anti- 
body. 





AGGLUTINATION OF TRYPSINATED ERYTHROCYTES 


SUMMARY 


Patients with congenital agammaglobulinemia had normal titers in their 


serum of the agglutinin active against trypsinated erythrocytes. The findings 


provide additional evidence that this agglutinin is not an antibody, and sug- 
gest caution in interpreting the immunology of the so-called autoimmune dis- 


orders. 


We wish to thank Drs. Walter Henley, Herbert Porter, and Stuart Dannoff for thei 


cooperation in providing patients for this study. 
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LABORATORY METHODS 


THE OX CELL HEMOLYSIN TEST AS A DIAGNOSTIC PROCEDURE 
IN INFECTIOUS MONONUCLEOSIS 
WILLIAM MIKKELSEN, M.D., C. J. Tupper, M.D., AND JEAN MurRRAy, 
M.T.(A.8.C.P.) 
ANN ArRBor, MICH. 


NFECTIOUS mononucleosis is one of the most common specific illnesses en 
_ pein at university health services, military installations, and other 
medical facilities where the patient population falls largely within the 16- to 
25-year-old age range. Reliable methods for the diagnosis of this disease have 
ineluded the clinieal picture with generalized lymph node enlargement, the 
characteristic changes in white blood cells, and a significant titer of heterophil 
antibody. 

In 1935, Bailey and Raffel' first reported the presence of hemolysin for 
ox red blood cells in the serum of patients with infectious mononucleosis. Sev 
eral reports** have subsequently appeared confirming this observation and 
comparing the ox cell hemolysin test favorably to the heterophil antibody test 
as a diagnostic procedure. Mason,’ in 1951, made a study of 60 patients with 
infectious mononucleosis and 200 controls and concluded that the ox cell 
hemolysin test was ‘‘as sensitive and as specific as other serological tests for 
infectious mononucleosis.” In the following year Leyton® reported results of 
the two procedures with 987 sera concluding that “ox cell haemolysins are 
a more reliable guide to the presence of glandular fever than sheep cell agglu 


tinins.’’ In 1956, Peterson and associates,‘ in a study of 351 cases which in 


cluded 23 with ‘‘definite’’ infectious mononucleosis, came to essentially the 


same conclusion. The present study was undertaken in order to compare the 


two tests as diagnostic procedures at the University of Michigan Health Service. 


MATERIALS AND METHODS 


Two hundred and eight serum specimens from 183 patients seen at the University of 
Michigan Health Service with the presumptive diagnosis of infectious mononucleosis form 
the basis for this study. Complete medical histories and physical examinations were ob 
tained in every case. Total and differential white blood cell counts were routinely per 
formed, Heterophil agglutination tests including adsorption with guinea pig kidney anti 
gen and ox cell hemolysin tests were performed on each serum specimen. 
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When the available information was reviewed 72 patients were considered to have 
definite infectious mononucleosis, 19 to possibly have infectious mononucleosis, and 92 to 
have some disease definitely not infectious mononucleosis. Criteria for diagnosis included: 
(1) a typical clinical pieture with generalized lymph node enlargement, fever, and sore 
throat; (2) lymphocytosis, usually greater than 50 per cent, with over 10 per cent atypical 
lymphocytes of the Downey type; and (3) a significant heterophil antibody titer (1:448 or 
greater). The clinical information regarding the 72 patients with definite infectious mono 


nucleosis is summarized in Table I. 


TABLE I. CLINICAL AND LABORATORY FEATURES OF 72 PATIENTS WITH DIFINIT! 
INFECTIOUS MONONUCLEOSIS 


FEATURE PATIENTS 


Lymphadenopathy 65 


Laryngitis 59 


Fever 56 
Splenom ral 19 
Hepatome re 16 
Leuko« yte count: 

under 5,000 per ¢.mm 

5.000 to 10,000 per ¢.mm. 

over 10,000 per ¢.mm, 
Lymphocytosis: 

under 40 per cent 


10 to 60 per cent oo 


over 60 per cent 4S 
Atypical lymphocytes (per cent of lymphocytes examined 


less than 50 per cent 14 
50 per cent or more 57 


Heterophil Antibody Test.—Serum was routinely adsorbed with guinea pig kidney 
antigen as described by Davidsohn. Serum was inactivated by heating at 56° C,. for 30 
minutes. Two-tenths milliliter of inactivated serum was then placed in a test tube with 
1.0 ml. of well-mixed guinea pig antigen suspension, mixed, and incubated ta 37° C. for 
30 minutes, or at room temperature for one hour. The tubes were then centrifuged at 1,500 
r.p.m, for 10 minutes and serial dilutions prepared. To each of 10 tubes, except the first, 
was added 0.25 ml. of 0.85 per cent sodium chloride solution. Two and five tenths milli 
liters of the supernate was then added to the first and the second tubes and serial dilutions 
made through the tenth tube, from which 0.25 ml. was discarded. One-tenth milliliter of a 
2 per cent suspension of washed sheep red blood cells was then added to each tube and 
mixed well. Tubes were then incubated at room temperature for 2 hours and read with 
low power objective of the microscope where clumping was not grossly visible. 

Ox Cell Hemolysin Test.—Serum was inactivated by heating at 56° C, for 30 minutes. 
To each of 10 test tubes was added 0.5 ml, of 0.85 per cent sodium chloride containing 0.1 
Gm. magnesium sulfate per liter. Five-tenths milliliter of inactivated serum was then 
added to the first tube and serial dilutions made. Five-tenths milliliter of complement 
solution* was then added to each tube, followed by 0.5 ml. of a 2 per cent suspension of 
beef red blood ecells.t Complement is restored by adding 2.25 ml. stabilizing solution to the 
3 ml. size ampule. A 1:15 dilution of restored complement is used for the test. After 
thorough mixing, tubes were placed in a water bath at 37° C. for 15 minutes. The tubes were 
then centrifuged at 2,000 r.p.m. for 2 minutes and read in comparison with a 50 per cent 
hemolysin standard. The standard was prepared by adding 0.5 ml. of complement solution 


*Merck Sharp & Dohme, Inc. (Division of Merck & Company, Inc.), Philadelphia, Pa. 


tObtained as 10 per cent suspension in Alsever'’s solution at 2-week intervals from Mayer 
& Miles Laboratories Beef cells have been found to behave in a fashion identical to the 
readily available ox red blood cells in the hemolysin procedure. 
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and 0.5 ml. of 2 per cent suspension of beef red blood eells to 2 ml. of distilled water. The 
end point titer was the dilution in the tube reading closest to the standard. 


No difficulty was 
experienced with beef red blood cells up to 2 


2 weeks of age, 


RESULTS 


In this laboratory a heterophil agglutination titer of 1:56 or less has been 
considered ‘‘negative,’’ 1:112 to 1:224 ‘‘suspicious,’’ and 1:448 or greater 
‘*positive.”’ For comparative purposes an ox cell hemolysin titer of 1:48 or less 
has been considered “negative,” 1:96 to 1:384 “suspicious,” and 1:796 
greater ‘‘ positive.’’ 


or 
Results of the two procedures have been carefully evaluated 
in the 72 patients with definite infectious mononucleosis (Table II) and the 92 


patients without infectious mononucleosis (Table III Results have not been 


tabulated in the 19 patients with questionable infectious mononucleosis since 
it was felt that interpretation would not be meaningful. 


TABLE III. COMPARISON OF HETEROPHIL AGGLUTINATION AND Ox CELL HEMOLYSIN TESTS IN 
92 PATIENTS WITHOUT INFECTIOUS MONONUCLEOSIS 


METHOD **NEGATIVE’’ 


* SUSPICIOUS ** POSITIVE’ 


Heterophil 1:56 or less 1:112 to 1:224 1:448 or greater 
agglutination 100% None None 
Ox cell 1:48 or less 1: 96 to 1:384 


1:796 or greater 
hemolysin 95% 


5% None 


In the group with definite infectious mononucleosis the over-all incidence 
of ‘‘positive’’ results with the ox cell hemolysin test was greater (75 per cent) 
than with the heterophil agglutination test (52 per cent It also appeared that 
the hemolysin test was more frequently ‘‘positive’’ the first and second weeks 
of illness than the heterophil agglutination test. In general, the hemolysin pro- 
cedure was ‘‘positive’’ in greater dilution than the heterophil agglutination 
test; the end point titer was higher with the hemolysin test in 60 instances, ap- 
proximately equal in 12, and significantly less in only 4. In no ease was the 
heterophil agglutination positive in the face of a negative ox cell hemolysin test. 
Inadequate information is available to permit aceurate comparison of the 
duration of significant titer with the two procedures but it is our impression that 
the hemolysin titer persists longer than the heterophil. 

Technically the ox cell hemolysin test has proved to be simpler, faster, and 
less expensive to perform than the heterophil agglutination test. No adsorptions 
are necessary and the test can be carried to completion in approximately 30 
minutes following inactivation. 


SUMMARY AND CONCLUSIONS 


Two hundred and eight serum specimens from 72 patients with definite 
infectious mononucleosis, 19 with questionable infectious mononucleosis, and 92 


individuals without infectious mononucleosis have been tested with the heterophil 


agglutination and ox cell hemolysin procedures. 
The ox cell hemolysin test has been found to compare favorably with the 


heterophil agglutination test as a diagnostic procedure. In the group with 





652 MIKKELSEN, TUPPER, AND MURRAY 


definite infectious mononucleosis it was more frequently positive in the first and 
second weeks of illness and gave a higher proportion of significant results on 
random specimens obtained at various stages of the disease. 

Technically, the ox cell hemolysin test has been found to be simpler, faster, 
and less expensive to perform than the heterophil agglutination test with guinea 


pig kidney adsorption. It is recommended as a routine laboratory procedure 


in institutions caring for large numbers of young people. It is suggested that 
greatest diagnostic assistance will be obtained by performing both tests rather 
than either procedure alone. 
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CONCENTRATION OF VITAMIN B,. FROM URINE BY ADSORPTION 
ON CARBON 
A SENSITIVE ASSAY OF RADIOCYANOCOBALAMIN IN THE SCHILLING TEST FOR 
PERNICIOUS ANEMIA 
Cart H. Bucuno.uz, B.S. 


LONG BracH, CALIF. 


HE Schilling test' has been widely accepted as a rapid, dependable lab- 


oratory method for demonstrating intrinsic factor deficiency. Usually the 


patient is given an oral dose of 0.5 pe vitamin B,. labeled 


y with 0.5 ne ot 
cobalt®’. Two hours later, 1,000 ug stable vitamin B 


is injected intramuscularly 
so as to flush a large portion of the absorbed radioactive vitamin into the urine. 
If there is no abnormality of vitamin B,, absorption or kidney funetion, at 
least 10 per cent of the dose appears in the urine during the first 24 hours. 
A 24-hour urinary excretion of 0 to 3 per cent of the dose indicates deficient 
absorption.2. A second oral dose of radioactive vitamin B,,, administered to 
gether with an active intrinsic faetor preparation, will show whether or not 
intrinsie factor relieves the absorption deficiency. 

Faulty urine collection and complications such as renal insufficieney and 
abnormalities of the digestive tract often necessitate performance of multiple 
Schilling tests. Despite the flushing procedure the normal liver retains approxi- 
mately one-half of the dose with a biologie half-life of about 1 year..* The 
liver is thus subjected to radiation totaling 2.5 rem per 0.5 pe radioeyano- 
cobalamin administered.’ Therefore, it is desirable to minimize the dose of 
radioactive material administered to patients without impairing the sensitivity 
of the test. Kinnory® has described a method of concentrating urinary vitamin 
B,. into a very small volume. The sensitivity of the radioassay is thereby in- 
creased almost a hundred fold and a tenfold reduction of the dose ean be 
made readily. Kinnory adds ammonium chloride, cobaltous chloride, and am- 
monium sulfide to the urine and collects the radioactive vitamin B,,. on the 


cobalt sulfide precipitate. Sinee this method is cumbersome and involves ex- 


posure to noxious H.S fumes, we investigated the suitability of other adsorbing 
agents. Diatomaceous earth and activated carbon have been used previously 
in the purification of vitamin B,,. (e.g., ref. 7). Miller’ has used activated 
chareoal in coneentrations of 2.5 to 10 per cent to remove free vitamin B,, 
from serum. 


METHODS 


We tested the following adsorbents under various conditions of acidity and salt eon 
centration: Dowex 50-X2 cation exchanger; cellulose powder (Whatman, standard grade, 
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ashless); diatomaceous earth (Filter Cel); and activated carbon (Norit, F.Q.P.). We 
also tested a suspension of nonradioactive, freshly precipitated cobalt sulfide which had 
been washed with dilute cobaltous chloride and water to remove excess sulfide ion. 

After evaluation of the results we adopted the following method for routine analysis of 
24-hour urine specimens: We acidify any alkaline urines with sulfurie acid and then add 
1 ml. 18 N sulfuric acid and 0.4 Gm, Norit to a 70 ml. aliquot of the urine in a 25 by 200 
mm. serew-cap test tube. We leave the tube for 15 minutes in a modified Kahn shaker“ 
and then centrifuge and decant the supernatant. In order to transfer the sediment to a 
16 mm. test tube, we slurry it with about 2 ml. supernatant and pick it up by means of a 
5 ml. serologic pipette and a pipette control (consisting of a 5 ml. Yale B-D Lok syringe 
and a l-inch piece of heavy-walled rubber tubing, 3/16 in. inside diameter and 3/16 in. wall). 
From each urine specimen we generally take four 70 ml. aliquots. The combined packed 
sediment from 4 times 0.4 Gm. Norit occupies a volume of 4 to 4.5 ml. We assay the 
sediment in a well-type scintillation counter and compare it with an aliquot of the original 
radiocyanocobalamin solution. Our counter has an efficiency of 0.83 million e.p.m. per 
microcurie of cobalt®® for sample volumes up to 1.5 ml. and 0.73 million ¢.p.m. per micro 
eurie for a 4.5 ml. sample. The background counting rate is 170 ¢.p.m. 

If the radioactivity of the sediment indicates a lower than normal urinary excretion 
value, we check the efficiency of adsorption by treating the supernatant with another 0.2 
Gm. Norit and determine the activity of the resulting sediment. In this case we also analyze 
the second 24-hour urine specimen which we collect routinely after giving the patient 
a second intramuscular injection of 1,000 pg vitamin B,, 24 hours after the oral dose of radio 
eyanocobalamin. 


TABLE I. ReEcOVERY OF RADIOCYANOCOBALAMIN ON VARIOUS ADSORBENTS (0.14 PreR CENT 
SUSPENSIONS IN URINF) 
PER CENT RECOVERY OF Co60—B,, 
DOW EX 

SOLUTES ADDED TO URINE 50-X2 CELLULOSE | FILTER CEL NORIT 
None : 0.6 , 29 
Saturated NH,Cl ‘ 1 50 
Saturated (NH,),S0, 55 86 
Saturated (NH,),SO, + 0.25 N H,SO, ‘ 79 97 
0.25 N H,SO, 28 1 60 


RESULTS 

Table I compares the B,, adsorbing power of 4 adsorbents and shows the 
effect of different solutes. The use of saturated ammonium sulfate requires a 
high solute concentration and entails a 40 per cent increase in sample volume. 
Equally good adsorption is achieved more conveniently by using higher concen- 
trations of Norit. Two grams of Norit or more per 70 ml. solution and 0.13 to 0.25 
N sulfurie acid gave vitamin B,, recoveries of 82 to 100 per cent. At low Norit 
concentration the B,. recovery is small and variable. Vitamin B,, adsorption 
approached equilibrium after about 10 minutes of mechanical shaking or 
sooner, depending on Norit concentration. 

We observed that Norit adsorbs some of the colored constituents of urine 
in preference to vitamin B,,. After the urine has been cleared of this inter- 
fering material, a fresh portion of Norit picks up the remaining vitamin with 


great avidity. The degree of decolorization provides an immediate, approxi- 
mate clue to the efficiency with which vitamin B,, is adsorbed from a given 


*A hemacytometer pipette platform (Fisher Scientific, No. 6-213B) was sawed into two 
parts and extended to accommodate the large screw-cap tubes. The platform was then screwed 
onto the platform of a Fisher-Kahn shaker (Fisher Scientific, No. 14-255). 
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urine specimen. Since some urines have a high concentration of the inter- 
fering material, we have been using 0.4 Gm. Norit per 70 ml. urine in order 
to obtain consistently high adsorption of radioactive vitamin B,». 

We tried Kinnory’s method® of isolating urinary radioeyanocobalamin on 
cobalt sulfide precipitate and found that the total recovery after two suc- 
cessive precipitations ranged from 85 to 96 per cent in 5 assays. Single 
precipitations gave widely varying recovery ranging from 43 to 8&8 per cent. 
In contrast to the statement of Kinnory and associates, it appeared that the 
radioactivity from the labeled B,,. enters the precipitate by adsorption rather 
than by formation of Co"®’S. This view is supported by the elutability of most 
of the radioactivity in the precipitate with 50 per cent acetone. In addition 
we observed that the recovery of Co*’—B,, on sulfide precipitate from 2 x 10 
M eobalt chloride in a saturated ammonium chloride solution dropped from 
102 to 65 per cent when the concentration of carrier B,. was increased from 
4x 10° M to 4 x 10° M. 


Washed cobalt sulfide (0.014 mole per liter or more) was a very effective 
adsorbent in the presence of 0.26 N sulfuric acid. Ninety per cent of the 
radioeyanocobalamin in 450 to 550 ml. urine was removed in a single step by 


an amount of cobalt sulfide which measured only 5 ml. after centrifugation. 


DISCUSSION 

The Norit adsorption method deseribed above achieves a sixty fold econeen- 
tration of urinary radioecyanocobalamin and makes it possible to earry out 
Schilling tests with 0.05 ye of radioactive vitamin B,,.. This dose is one-tenth 
of that eustomarily employed. The volume of urine which ean be analyzed 
by this method is limited by the capacity of the well-type scintillation counter 
and by the concentration of Norit required to achieve consistently high reecover- 
ies of radioeyanocobalamin. Frelick and his associate have indicated that 
‘*Dareo G-60 Special’? activated earbon adsorbs vitamin B,, more effeetively 
than does an equal weight of Norit (W. A. Helbig, private communication). 
In our hands the efficiency gain was only about 12 per cent based on equal 
volumes of packed carbon sediments. 

Ellenbogen® has described a method of analyzing 1,000 ml. urine directly 


in a modified Marinelli beaker placed over a scintillation erystal. This method 


involves a minimum of work and its sensitivity approaches that obtained by the 
Norit adsorption method. 


However, the necessary counting equipment is not 
available in many laboratories. 

Kinnory’s cobalt sulfide adsorption method is about 3 times as sensitive 
as the Norit method and separates radioactive vitamin B,, quite efficiently from 
I'** contamination. However, it exposes the operator to H.S fumes and involves 
the additional work of saturating the urine with ammonium chloride. Exposure 
to H.S fumes can be minimized by preparing nonradioactive cobalt sulfide sus- 
pension in an amount sufficient for several urine assays. However, the ad- 


sorptive capacity of cobalt sulfide suspension decreases considerably during an 
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interval of several days. Furthermore, aliquots of cobalt sulfide suspension are 
difficult to measure because they settle rapidly and form an opaque film on the 
wall of the pipette. 

The investigations of Baker and associates’? appear to indicate that a pa 
tient whose level of intrinsic factor is so low as to permit the absorption of only 
a small fraction of an oral dose of 0.5 pg B,. may well be able to absorb a 
large fraction of a 0.05 pg dose. For this reason we add sufficient stable vitamin 

3,2 to our stock solution to keep the oral dose at the 0.5 pg level. For similar 
reasons Williams and co-workers" recommend a dose of 2.0 »g B,,. for intrinsic 


factor assays. 
SUMMARY 


In order to develop a sensitive urinary radiocyanocobalamin assay and 
thus to permit a tenfold reduction of the customary radiocyanocobalamin dose, 
several adsorbing materials were tested under various conditions as to their 


suitability for concentrating the vitamin B,.. The most satisfactory procedure 


employed activated carbon in acidified urine and achieved a sixty fold eon- 
centration of the radiocyanocobalamin. It was preferable to the use of cobalt 
sulfide whose high adsorptive capacity is offset by the exposure of the tech 
nician to noxious hydrogen sulfide fumes. 
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A SIMPLE DEVICE FOR MAKING EMULSIFIED VACCINES* 


Byron S. BERLIN, M.D., AND Rospert W. McKinney, PH.D. 
ANN ARBOR, MICH. 


MULSIFIED vaccines, first described by Freund and McDermott,’ have 
E. proved to be an effective method of inducing high antibody responses in 
laboratory animals. 

A device has been developed for making water-in-oil emulsions in small 
quantities. Two Luer-Lok syringes of similar size are coupled together forming 
an opposing piston machine in which emulsions are made. This method of 
emulsification avoids drawbacks frequently encountered in preparing emulsions: 
i.e., entrapment of air, waste of materials, and difficulty in filling syringes. 

The double-hubbed coupler is made by wedging a 20 gauge hypodermic 
needle into an 18 gauge needle after cutting off the bevel of both needles. Each 
needle is cut approximately 14 inch from the hub with the sharp edge of an 
abrasive wheel mounted on a hand tool. The cylindrical shape of the needle 
is maintained by inserting a cleaning stylus before cutting. After wedging, the 
needles may be bonded with silver solder. Care must be taken during union 
of the needles to avoid splitting the larger shank for, if this occurs, the unit 
will leak when pressure is applied. 

Syringes and coupler may be mounted in a wooden holder to avoid lateral 
motion of the needle and minimize needle breakage (Fig. 1 

Emulsions are made by forcing components through the small orifice in the 
coupler using positive pressure on syringe plungers. Initially, the desired vol- 
umes of oil and water are loaded into separate syringes. By careful filling of 
syringes and coupler, entrapment of air can be avoided. Water-in-oil emulsions 
are more easily started if the syringe containing the oily phase is attached to 
the number 20 hub. 

Emulsifieation is started by injecting approximately one-tenth the volume 
of aqueous material into the syringe containing oil by repeated, foreeful, in 
complete strokes of the plunger. Dispersion of water droplets in oil and oil 
droplets in water oceurs with sufficient positive pressure. Between each stroke 
the contents of the syringe initially containing the oily phase are briefly per 
mitted to separate until the aqueous portion can be returned to the original 
syringe by slight pressure on the opposite plunger. Formation of a water-in- 
oil emulsion is indicated by marked increase of resistance to movement by the 


plungers due to increased viscosity of the mixture. 


From_ the Department of Epidemiology, Virus Laboratory, School of Public Health, 
versity of Michigan, Ann Arbor, Mich. 
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Emulsification is completed by repeated forceful eyeling of the total con 
tents between the two syringes. Complete emulsification is indicated when the 
mixture appears homogeneous and offers uniform resistance as the mixture is 


eyeled between syringes. Continued eveling increases emulsion viscosity. 


Fig. 1 Syringes mounted in holder. Double-hubbed coupler unites Luer-Lok syringes 
containing water-in-oil smulsion Syringe on left is mounted in wooden block which can be 
1djusted to accommodate coupling needles or syringes of differing length Syringes are 
clamped rigidly in each block by tightening winged-nuts 


The number of strokes required to start emulsification has varied with dif- 
ferent mixtures, components, and couplers, Satisfactory influenza vaccine in 
mineral oil emulsions are usually formed after 6 to 8 strokes. 

Since emulsions may be transferred with positive pressure between syringes, 
the double-hubbed coupler provides means of filling syringes for inoculation. 
Complete filling of a smaller syringe is obtained by slightly overfilling the 
smaller syringe to expel air bubbles which are usually around the plunger. By 


this method, syringes ean be filled with highly viscous emulsions without entrap- 


ment of air usually resulting when other means of syringe loading are used. 


SUMMARY 
A simple method of emulsifying vaccines in oil is described. The emulsify- 
ing device also enables convenient handling of emulsified vaccines. 
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A MODIFICATION OF MALKIN’S SCREENING TEST FOR THE 
DETECTION OF ARTIFACTUALLY HIGH ORGANIC 
IODINE COMPOUNDS IN SERA 


MaALINA BARKER AND Eve.tyn B. Man, Pu.D. 
New HAVEN, Conn. 


N MALKIN’S article’ is outlined a simple semiquantitative procedure for 
| detecting large amounts of iodine-containing compounds, used in roentgen 
ographie procedures, and similar substanees. Malkin’s article was published 
after Samson and associates? had described a ‘‘Cross-Contaminator Exelusion 
Test.’’ These tests were developed for use with the protein-bound iodine method, 
in which samples of artifactually high value cause contamination of apparatus 
and other samples but may not indicate contamination which is less than 0.8 
mg. of iodine per 100 ml. 

With contaminated sera containing less than 0.8 mg. per 100 ml., determi- 
nations of PBI (protein-bound iodine) or BEI (butanol extractable iodine 
have no elinical significance, and contamination of other samples does oceur. 
According to the original procedure discussed by Malkin, 3 drops of serum 
are digested with 2 drops of 8 N potassium hydroxide at 100° C. for 30 minutes. 
Malkin stated that the digestion partially hydrolyzes the serum proteins with 
the breaking of peptide bonds which hold the artifactual iodine. The standard 
diminution in color when cerie sulfate is reduced to cerous form by arsenite 
in the presence of iodide is used. (The vellow ceric ion is reduced to colorless 
cerous ion.) Five minutes after the addition of cerie sulfate and arsenite, the 
samples are read against a white background. Marked fading indieates con- 
tamination. Malkin reeommends that a sample of known high value be used 
as a control. 

The following changes were made to improve the sensitivity of Malkin’s 
procedure. Dilution with distilled water is omitted but 0.50 ml. of potassium 
iodide (1.4 mg. per 100 ml.) is added before the addition of the arsenite and 
cerie sulfate. The additional iodide increases the sensitivity of the test so that 
contamination above 0.1 mg. per 100 ml. of serum should be detected. The 
addition of more potassium iodide would not facilitate differentiation of wn- 
usually high pathologie sera from artifactually contaminated samples sinee the 
difference in color change would not be apparent. Two drops of 27 N sulfuric 
acid are added after the digestion with potassium hydroxide so that the arsenite 


and cerie sulfate solutions, which are used and available for the BEI technique, 


may be employed routinely without preparation of special reagents. The 
reagents for the BEI technique were described in an earlier artiele.* * 

From the Department of Internal Medicine, Yale University School of Medicine, New 
Haven, Conn. 
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MATERIALS AND METHODS 


Reagents. 


1. Potassium hydroxide (8 N). Dissolve 527 Gm. of KOH pellets in H,O and 
dilute to one liter. 

2. Sulfuric acid (27 N 

3. Cerie sulfate (0.1 N) and arsenious acid solution (0.3 N in 1.0 N H,S0,) 
prepared as for the butanol extractable iodine method.s, 4 

4. Potassium iodide, 1.4 mg. of iodide per 100 ml. (17.5 ml. of secondary potassium 
iodide solution is diluted to 500 ml.%). 


Methods.—Two drops of 8 N KOH are added to 3 drops of each sample of serum. The 
test tubes are heated at 100° C. for 30 minutes in a Chaney-Johnson seroscope, Model RH 
200 (or tubes may be placed in a Kahn rack which is placed in a boiling water bath, as 
suggested in the Malkin article’). After 30 minutes tubes are removed and 1 drop of 27 
N H,SO,, 0.50 ml. of KI, 1.0 ml. of 0.3 N arsenious acid, and finally 1.0 ml. of 0.1 N CeSO, 
solutions are added. 

Shake the solutions at room temperature and, after 5 and 15 minutes, compare the 
fading with the known contaminated standard against a white background. Fading has been 
judged adequately by inexperienced technicians after a few consecutive days of routine 
tests on the daily influx of new sera. Centrifugation to separate the protein precipitate 
has not facilitated recognition of fading of the clear supernatant fluid. When a sample 
appears pale after 5 minutes, the second examination after 10 minutes increases accuracy 
of the test because contaminated samples lose more color progressively while noncontaminated 
sera, which originally exhibited little pigment coloration, do not fade continuously during 
the 10-minute interval. In our experience it has not seemed necessary to compare the 
color of a suspicious sample with the color of the same serum which has not been digested 
with alkali but has had added the usual quantity of sulfuric acid, potassium iodide, 
arsenious acid, and ceric sulfate. Until familiarity with the test develops, such a control 
for a suspicious serum should eliminate the effects of endogenous coloring of that sample of 
serum. 


SUMMARY 

This test is sensitive, except in highly colored sera, for recognition of 
contaminations encountered to date amounting to 75 gamma of iodine per 
100 ml. of serum. Fading of ceric sulfate is often apparent when a patient has 
received inorganic iodine, but knowledge of such treatment prevents suspicion 
of organie iodine contaminants. Lugol’s solution, in quantities used in this 
Department for treatment of thyroid dysfunction, has resulted in concentrations 
of inorganic iodine between 100 and 200 gamma per 100 ml. of serum. Ocea- 
sionally a positive test occurs in a serum which subsequently is found to have 


a normal BEI content. Nevertheless, routine use of this test for over a year 


has prevented some of the difficulties created by unknown contaminating iodine 


substanees. 
REFERENCES 


Malkin, H. M.: A Simple Sereening Test for Elimination of Artifactually High Valued 
Protein Bound Iodine Samples, J. CLrin. & LaB. Mep, 48: 124-126, 1956. 

Samson, M., Brown, H., and Eichen, 8.: Cross-Contaminator Exclusion Test for Dry-Ashing 
Determination of Protein-Bound Iodine, Clin. Chem. 1: 269-272, 1955. 

Kydd, D., Man, E. B., and Peters, J. P.: Concentration of Precipitable Iodine in the 
Serum, J. Clin. Invest. 29: 1035-1036, 1950. 

Man, E. B., Kydd, D. M., and Peters, J. P.: Butanol-extractable Iodine of Serum 
Clin. Invest. 30: 531-538, 1951. 


, * 





A METHOD FOR ACCURATE DETERMINATION OF PLASMA ALBUMIN 
COMPARISON OF ALBUMIN VALUES OBTAINED WitH THREE OTHER METHODS 


EuGENE L. KANABROCKI, B.S., JosepH Greco, B.S., Roger L. Veatrcu, M.S., 
AND LEE WILKorr, B.S. 
Hines, IL. 


HE determination of plasma albumin is a common procedure in clinical 

laboratories. Relatively few laboratories possess more elaborate means for 
quantitation of plasma protein components, such as electrophoresis. The 
majority rely on salting-ont procedures primarily because they provide more 
expedient methods for a larger number of determinations. 

A number of papers have appeared proposing various means of salting- 
out the globulins for albumin analysis.’ Some reports included comparisons 
with electrophoretic data.” **'*' It would appear that the question of 
albumin analysis had been successfully resolved; however, in a great many 
clinical laboratories today, this analysis provides the least reliable data be- 
cause the procedures for albumin and globulin separation are not specific 
with regard to the extent and nature of shaking movements. 

The purpose of this paper is to present details of a modification of the 
salting-out methods of Kingsley‘ and Milne® and to determine to what extent 
variation in shaking influences the results of plasma protein fractionation. 
The values obtained with this method, together with two other methods,' 
are compared with the values obtained with the Tiselius electrophoresis appa- 
ratus.'° 


MATERIALS AND METHODS 


Subjects used in the comparative study of plasma albumin were hospital patients 
with various diseases and disorders, including patients with marked hypoalbuminemia 
and hyperglobulinemia. 

The procedure used for globulin precipitation is deseribed in this paper. Two 
other salting-out methods for protein precipitation, with which this method is compared, 
have also been used. The salts and the concentrations were as called for by those methods. 

The total protein and the albumins were determined by the standard micro-Kjeldahl 
procedure!é and corrected for the nonprotein nitrogen. The nitrogen to protein conversion 
factor used was 6.25. The electrophoretic separation of plasma albumin, along with other 
protein components, was carried out with the Tiselius electrophoretic apparatus,!° after 
a 20-hour dialysis against the veronal buffer of ionic strength 0.1 and pH 8.6. 

Procedure.—Place 0.25 ml. of plasma into a 16 by 125 mm. test tube. Add 7.75 ml. 
of 26.8 per cent Na,SO, solution kept at 37° C. and overlay with 3 ml. of diethyl ether. 


Stopper and mix gently by inversion—11 times in 30 seconds (gentle inversion is defined 


as inverting the tube upside down and then to its original position for one inversion 
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Centrifuge for 


10 minutes at 900 g. Tilt the tube to a 45 degree angle. This will loosen 


the packed globulin layer away from the sides of the test tube. Cover the end of a 2 ml. 


pipette with the index finger then carefully insert its tip along the side of the test tube, 
without touching the globulin layer, into the albumin solution below and withdraw 


aliquot for analysis. 


a 2.0 mil, 


The albumin solution obtained by this procedure was then analyzed for nitrogen accord 


to the micro-K jeldahl method. 


GENTLE 


ALBUMIN 


%/e 


VIGOROUS 


| i 


9 23 


NUMBER OF INVERSIONS 


The effect of gentle inversion and vigorous shaking upon the precipitation of globu 
lins from human plasma 


RESULTS 
A plasma pool obtained from 35 hospitalized patients was used to com- 
pare albumin values obtained by gentle inversion with values obtained by 


vigorous shaking. The globulins were precipitated with 26.8 per cent sodium 
sulfate. 


The frequencies of inversion or vigorous shaking were 7, 11, 15, 19, 
» 


3, 31, and 40, Fig. 1 shows the effect of gentle inversion and vigorous 
shaking upon the precipitation of globulins from human plasma. 


DISCUSSION 


The albumin values of the 22 per cent sodium sulfate method! are higher 
than those obtained with electrophoresis (Table I, Fig. 2). This has been 
brought out by other investigators'*""* who have shown also that the albumin 
filtrates obtained with 22 per cent sodium sulfate contain the alpha and beta 
globulins which are calculated as albumin." 





DETERMINATION OF PLASMA ALBUMIN 663 


TABLE I. COMPARISON OF PLASMA ALBUMIN LEVELS OBTAINED WITH 22 PER CENT AND 
26.8 Per Cent Na,SO, WitH THE VALUES OBTAINED BY ELECTROPHORESIS 


ALBUMIN (GM. PER CENT 

rOTAL PROTEIN SODIUM SULFATE 37° ¢. 
iM. PER CENT 22.0 PER CENT 26.8 PER CENT ELECTROPHORESIS 
9 3.17 
1.14 ’ 2 06 
3.02 3 2.2 2.06 
1.92 3. 2.$ 2.63 
2.89 
3.07 
381 
2 86 
3.49 


Average ; 3.9% 3.1 2.95 
S.D. ; 57 0.66 


Plasma from 21 hospital patients was used for simultaneous analysis using 22.0 per cent 
NasSO, and the proposed method using 26.8 per cent NasSO« for precipitating the globulins 














6 


ELECTROPHORESIS 
% ALBUMIN 


Fig. 2. Scattergrams illustrate a_ comparison of plasma albumin values in grams per 
cent obtained with 26.8 per cent NasSO, and 22 per cent NasSO, precipitation methods with 


reapeds 52 See values The solid black line represents 100 per cent correlation for 

Jager and his associates,"* in their evaluation of 6 methods for estimation 
of serum albumin, noted that shaking of the salt protein mixture lowers the 
albumin value. They proposed shaking of the salt protein mixtures immedi- 
ately after mixing and prior to filtration. Employing this technique, they 
have found that the MgSO, method® yielded results which were a little closer 
to the electrophoresis values than those of the 26.8 per cent Na,SO, method.® 
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The results presented in this paper (Table II, Fig. 3) show that although the 
albumin values of MgSO, and Na.SO, methods agree well with electrophoresis, 
a closer agreement exists with the Na.SO, values. 
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MqgS0O4 


SATURATED 














ELECTROPHORES'!S 
"he ALBUMIN 


Fig. 3 Scattergrams illustrate a comparison of plasma albumin values in grams per cent 
obtained with 26.8 per cent NaeSO, and saturated MgSO, precipitation methods with respect to 
electrophoresis values The solid black line represents 100 per cent correlation for the method 
indicated. 


TABLE II. COMPARISON OF PLASMA ALBUMIN LEVELS OBTAINED WITH 26.8 Per CentT Na,SO, 
AND SATURATED MgSO, WITH THE VALUES OBTAINED BY ELECTROPHORESIS 


ALBUMIN (GM. PER CENT) 
Na.SO, 37° c. MgSO, 37° c. 
SUBJECTS TOTAL PROTEIN 26.8 PER CENT SATURATED ELECTROPHORESIS 
7.22 3.48 
7.11 3.61 
5.85 2.12 
6.09 3.90 
5.94 85 
6.10 71 
3.26 
8 . 3.26 
9 3.56 3.19 
10 3.65 2.93 
1] 7.5¢ 3.66 
12 4.2% 2.94 
\verage 3.6 2.99 3.05 
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3.24 
3.00 
73 


76 


8.D. 0.69 0.82 ( 

Table II represents the data obtained from plasma of 12 additional hospital patients. 
The methods used were the proposed method and the saturated solution of MgS0O,.* 

In Milne’s method® precipitation of the globulins is carried out in the 
incubator at 37° C. for either 6 hours or for overnight. Filtration is carried 
out in the ineubator and the clear filtrate analyzed for albumin. Kingsley* 
proposes vigorous shaking of the albumin-sulfate (22 per cent) and ether mixture 
and separation of globulins by centrifugation. The proposed method combines 
the features of both the methods* *® and introduces an additional important 
step necessary for an accurate, readily reproducible albumin determination. 
This step calls for gentle inversion of plasma-sulfate-ether mixture in an 
ordinary test tube by a specific number (11) of inversions for the purpose 
of precipitation of globulins. 
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Jager and associates have discovered that in the MgSO, method de- 
scribed by Popjak and MeCarthy,* shaking of the serum-salt mixture results 
in lowering of the albumin values; increased shaking results in further lower- 
ing of the albumin values. They have demonstrated this by subjecting 
albumin-salt solution containing 4.9 Gm. per cent of albumin to shaking for 
increasing intervals of time. The concentration of albumin in the filtrate 
decreased progressively. After 24 hours of shaking only 0.9 Gm. per cent 
of albumin remained in solution. Saifer and Zymaris’ have also shown a 
similar observation with Na,SO, and Na,SO,. They point out that the degree 
of precipitation of the globulins from the plasma-salt-ether mixture is effected 
by the air space above the ether layer. Greater volume permits more intense 
agitation which then results in greater protein precipitation. 

It is a practice in many clinical laboratories to precipitate the globulins 
by shaking the plasma-salt mixture an unspecified number of times that may 
not be uniform from sample to sample. This may result in values that can- 
not be duplicated. The proposed modification will simplify and standardize 
the details for accurate albumin solution preparation. The close agreement 
with the electrophoresis albumin values (Table I and Table IT) justifies 
adaptation of this procedure. 


SUMMARY 


A modified salting-out procedure for separation of plasma albumin is 


described which eliminates a source of error that may result from excessive 


shaking of the plasma-salt mixture. 


Albumin values obtained with this proposed method are in good agree- 
ment with the values obtained by electrophoresis. 
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An Editorial 





Advance 


An abnormal serum reference standard has been 
announced. 

The preparation of a normal serum reference 
standard for biochemical determinations was a step 
towards universal uniformity of laboratory tests. 
Further steps will facilitate discarding such time 
worn phrases as “normal value for this hospital’, 
which have always implied that either the patients 
or methods have varied from hospital to hospital, 
and thus precluded the interchange of information 
between hospitals. 

The next logical movement is the similar establish- 
ing of proven serum standards and controls in the 
abnormal or pathological range. No area of labora- 
tory testing has needed such concentrated effort 
towards improvement, as that part concerned with 
determining the validity of abnormal results in 
blood chemistry. Until the present time, any result 
in the abnormal range had to be accepted in the 
wide range of abnormality. And an abnormal value, 
based on an aqueous or completely synthetic stand- 
ard does not duplicate the physical and chemical 
problems of the patient’s specimen, and cannot be 
considered the best basis for comparison in the dis- 
eased state. Among the most important of the inter- 
ferences, not present in aqueous or synthetic 
protein-containing standards, are the lipids. 

In a recent paper, directors of chemical laboratories 
in six major New York hospitals, reported that 
Versatol, as a normal reference standard, had 
proven superior to all materials previously tested. 
The introduction of Versatol-A, based on the same 
concepts as Versatol, as the abnormal standard and 
control for blood chemistry, should be welcomed. 
It is a considerable advance: for now, biochemical 
measurements can give more precise definition to 
the pathological state. 





Versatol 





Versatol-A 


(abnormal) 





New research step 
helps laboratories 
be surer 


Abnormal Patient Findings 
Reproduced For 16 Tesis. 


Morris Plains, N. J., August, 
1958. The new abnormal stand- 
ard and control, Versatol-A, 
with its companion Versatol, the 
normal reference standard, now 
provide double reference points 
in the complete range of normal] 
and abnormal values. 
Versatol-A is the radically new 
standard-in-serum providing 
abnormal values for sixteen 
everyday blood chemistry tests. 
Twelve different tests are con- 
trolled with certainty with the 
normal standard-in-serum 
Versatol. According to the Diag- 
nostic Research Laboratory, 
Warner-Chilcott, Morris Plains, 
N. J., Versatol-A also is pin- 
pointed for bilirubin, free cho- 
lesterol, total cholesterol and 
uric acid. This is the first time 
that bilirubin and free choles- 
terol have been available in 
either normal or abnormal 
standard forms. 

Dr. Arthur Babson, of the Bio- 
chemical Diagnostic Research 
Laboratory, explains: “We 
haven’t been able to return cho- 
lesterol to Versatol in normal 
amounts because of solubility 
problems. In Versatol-A cho- 
lesterol is at the limits of its 
solubility, giving low, hyper- 
thyroid-like, but completely 
known values.” 

Versatol’s chemical and physi- 
cal similarity to the patient’s 
specimen was previously evalu- 
ated by six leading laboratories 
and reported (Clinical Chemis- 
try, June 1958) as superior to 
all other materials tested. 
Versatol-A is prepared in the 
same manner. 
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Here's what reviewers 
have to say about this 
book— 


This is a magnificent 
scholarly exposition of 
endocrinology from one 
of the oldest and most 
productive American clin- 
ics. The pictorial ma- 
terial is striking with dra- 
matic before and after 
therapeutic comparisons 
and constant reference to 
the normal. 


American Journal of 
Clinical Pathology 


This beautifully presented 
atlas is a welcome and 
most heartily recom- 
mended addition to the 
library of every clinician 
and is an absolute neces- 
sity for the practicing en- 
docrinologist. 


U. S. Armed Forces 
Medical Journal 


It is hard to conceive of 
any clinical entity in the 
field of endocrinology 
that the clinician may 
encounter that is not in- 
cluded in this book. This 
text is closest to bedside 
teaching that is conceiv- 
able. 
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Society 
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Exposure Meters for Photomicrography 
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TOO MANY VARIABLES? 


It’s time to draw a line. Straighten out 
your cleaning problems with 


HAEMO-SOL 


rhere’s nothing like Haemo-Sol’s unique 
cleansing power and positive rinsing . . 
it’s completely safe! No etching! No 
corroding of metal parts! Immediate 
Haemo-Sol bath for valuable volumetric 
and optical equipment prevents soil 
etching! 


Haemo-Sol guarantees clean laboratory 
glassware and apparatus 


@ removes the full range of laboratory soils 


® effectively digests protenoid materials 
other types of polymeric materials 


assures free draining pipets . . . burets 
gives es clear surfaces for quartz and 
glass sorption cells 

provides chemically clean reaction and titra- 
tion flasks 


leaves the clean surfaces that are a must for 
the smooth operation of fractionating columns 
and other pieces of laboratory equipment. 


And, just as important as its unique 
cleaning power, is Haemo-Sol’s high 
solubility and powerful solubilizing ac- 
tion. Haemo-Sol washed glassware rinses 
completely clean 

nothing re- 
mains behind but 
a chemically 
clean, free drain- 
ing glass surface. 


Write TODAY 
for Sample 
and Literature 


Distributed by 


MEINECKE & CO., INC. w) 


917 Varick Street, New York 14 aad 








please care... 
hunger hurts! 


FOOD from America’s farm abundance ... 
milk powder, flour, cornmeal, cheese .. . is 
given to CARE by the U. S. Government, for 
relief distribution in less fortunate lands. 


FOR every $1 you give, CARE can pack and 
deliver one Food Crusade package (average, 
22 lbs.) to those who need food most in criti- 
cal areas of Asia, Europe, the Middle East, 
Latin America. 


HUNGRY children and their parents, or- 
phans, refugees, the aged and sick are reach- 
ed by distributions to needy families, or to 
schools and welfare institutions. 


PEOPLE who have never had enough to eat 
receive this food as your personal gift: your 
name and address, or that of your group, go 
with each package, to tell them you and our 
country are their frienas. 


Every $ | sends 22 lbs. 


MAIL THE COUPON .. . WITH CARE 660 First Ave., New York 16, N. Y. 
YOUR DOLLARS . . . TODAY! 
Enclosed is $ for Food Crusade pack- 





ages to the needy. 


CARE | | 


Address 





Food Crusade 
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Make checks payable to CARE, Inc.) 
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KLETT SCIENTIFIC PRODUCTS 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
Electrophoresis Apparatus, Glass Standards, Glass Cells, 

Klett Reagents 











THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 





1 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


kK. lett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, WN. Y. 
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You can do without the trapeze 


and ignore the chemise 


oe , 


Wear voluminous skirts 
way down past your knees 
vY) 
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You can shun the sack, 


and the harem dress too 


/ 
N 
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You can do without PROTROL ° 
... but why should you? 


_ 
Kmickarbockan 
TIMES SQUARE, NEW YORK CITY 


*T.M. Reg. U.S. Pat. Off. PROTROL, 
now the most successful prothrombin 
control reference standard in the world. 
You'll love it because it’s easy-to-use, 
pure and human your true prothrom 
bin control not an animal plasma. 


Ne ee 





(See also pages 37, 38) 


ae FROGS for PREGNANCY DIAGNOSIS 


Year ’round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 

Frogs. With complete directions for use and care. Dozen —... 

Laboratory Tank with Cover 

Isolation Jar, 5” x 7” with weighted metal cover 7 

Frog pregnancy test kit, complete, 14 items amncamennal 

| |. SS ee 


hen pipiens —_ SSG — 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 
Headquarters for Live Frogs 
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ALBINO RATS & MICE, RABBITS & GUINEA PIGS 
“Our 43rd Year—Time Proved Dependability” 


RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 
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Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QOUIVIRA ovat IALTIES CO. 
4204 W. 2\ist Street -t “t Topeka 32, Kansas 








LA B O RATO RY Albine ace Winer Strain 


Albino Guinea 


ANIMALS Albing NZ Rabbits 


Hamsters »ALBINO FARMS 


* stainless steel watering tubes for P. O. Bex 331 
since 1929 laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 











WHITE MICE GUINEA PIGS RABBITS 


Swiss-Webster Cross~—Very Docile Mouse 
Send for price list. References furnished on request. 


J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 
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(See also pages, 36, 38) 


SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


NO SEASONAL VARIATIONS 


Combines highest accuracy — economy — speed. 
Test so simple requires minimum of technician’s 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 

















TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 








HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


’ 7120 Pippin Road, Cincinnati 39, Ohio 








‘E 


Ses. CHERRY HILL FARMS 


P.O. BOX 840, CAMDEN I, N. J 








ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS DEPENDABLE 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 








NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS—~WHITE RATS—~WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 

RD, Mars, Pa. Phone—NAtional 5-1955 
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RATS * © MICE 
GUINEA PIGS * © RABBITS 
Clean, Ventilated up to date Buildings- 
Industrial Washing Machine, Steam 
Sterilizer - Regular Testing of Stock 
for Detection of Disease. 


LABORATORY ANIMALS snd io iach 


W FARM 
FOR SCIENTIFIC § MEDICAL USES MM Meteo ere 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types ef tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R.No. 4 Phone 530-W3 Greenwood, Ind. 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


E. G. STEINHILBER & CO., INC. 


102 Josslyn Avenue (Est. 1922 Oshkosh, Wis. 








Special Males for Pregnancy 


and Pre-operative Diagnosis. 








HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 








Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan Fr and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. 

Animals guaranteed {ree of disease and to arrive in perfect condition. 

Laboratory Manual 85 pages with illustrations. system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 

Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 








DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 


Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 
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What Is 


“ALCONOX- 
CLEAN?” 


Just “clean” isn’t good enough for 
glassware, instruments and equipment 
in the laboratory or hospital. Ordinary 
detergents may fail to do the job. But 
when it’s “ALCONOX-CLEAN,” you 
are sure! 





SAVE 
TIME & MONEY 


with 


ALCONOX 


the World's Most 
Thorough Cleaner! 
Proven Best by Test * 
For over 20 years 
« for wetting power 
« for sequestering 
power 
x for emulsifying 
effect 
Yet it costs 
up to 75% less! 


Forms 
ALCONOX 


For all equipment washed 
by hand 

Box of 3 Ibs. . $1.95 

Case of 12 boxes — 
3 Ibs. ea 


ALCOJET 
For all equipment washed 
y machine 
Box of 5 Ibs $3.00 
Case of 6 boxes — 
5 ibs. ea. $15.00 
Both available in drums of 
25, 50, 100 and 300 Ibs. at 
additional savings! 
(Prices slightly higher 
West of the Rockies) 


ALCOTABS 
In tablet form to clean PI- 
PETTES in one eosy opero 
tion. For all pipette washers 
Box of 100 tablets $5.00 
Case of 6 boxes of 

100 Tablets. $30.00 
Order from your Supplier 
or ask him for a sample! 


ALCONOX,%.. 


853 Broadway, New York 3, N.Y 





$18.00 
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Here’s an Rx every 
M.D. will O.K.! 


Doctors, lab 

technicians ... 

everyone who has 

used a Veeder-Root 

Hand Tally or seen 

one operate, knows 

how much time is saved in taking differential 
or red and white count. Cupped comfortably 
and securely in either hand, other hand re- 
mains free for phone, slides, microscope or 
pencil work. Slightest pressure of lever reg- 
isters each count. To reset, just turn knob to 
zero. Once you've tried a Veeder-Root Hand 
Tally, you'll wonder how you ever worked 
without one! 

QUICK FACTS — Single counter counts up to 
10,000. White figures, black background. 
($8.65 each.) 

DOUBLE COUNTER — Figures on one unit, 
white on black, other unit, red on white. 
Each unit counts up to 

10,000. ($19.60 each.) 

lf not avoilable from 


your Medical Supply 
House, use coupon below. 


® Veeder-Root 


“The Name That Counts” 
World’s Largest Makers of Counting Devices 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONN. 


Please send me descriptive folder of Veeder-Root 
Hand Tally Counters, together with current prices. 


Please send me... ..B Resi{. Hand | 


Tallies C.O.D. JL-10-8 
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Gentlemen: 


no charge 


Dr. 
Street 


anes 





The C.V. MOSBY Company 


I understand that if I am not completely satisfied I can return the book within 10 days with 


[) Payment enclosed [] Charge my account 


Do you fully understand your legal obligations 
involving abortion, adoption, commitment, 
artificial insemination, stillbirth, etc.? 


DOCTOR and PATIENT 
and the LAW 


by LOUIS J. REGAN, M.D., LL.B. 


Gives you a firm understanding of your 


responsibilities and helps you avald malpractice po 


Do you fully understand your legal obligations in cases involving adoption, 
abortion, commitment, artificial insemination, sterilization, narcotics, stillbirth ? 
Regan’s “DOCTOR and PATIENT and the LAW” provides you with authori- 
tative answers to these questions. More than that, this valuable book deals 
with ALL the legal problems which arise, directly or indirectly, out of the 
relationships of physician-patient, dentist-patient, nurse-patient, and hospital- 
patient. 

One of the most comprehensive books on this subject, the text is broken down 
into sections which give brief discussions of a particular problem in a general 
way and then illustrate and substantiate points brought out with case abstracts. 
Existing variations and exceptions found in the several states are included 
The third edition of this book is unique in that it contains material on mal- 
practice prophylaxis and on Law of Public Health. Up-to-date information 
on “Foeticide, Infanticide, Concealment of Birth or Death’; “The Grievance 
Committee and Malpractice’; “Routine Case Handling in Claims Preven- 


tion”; and “The Patient's Interest in Malpractice” has been added to this 
edition. 


By LOUIS J. REGAN, M.D., LL.B., Member State Bar of California; Pro- 
fessor of Legal Medicine, College of Medical Evangelists; Clinical Professor 
of Forensic Medicine, School of Medicine, University of Southern California. 
1956, 3rd edition, 716 pages, 642” x 9%". Price $12.50. 


Order Your Copy Now. Mark and Mail This Coupon Today 





Mark and Mail This Coupon Today! 


3207 Washington Boulevard, St. Louis 3, Missouri 


Please send me Regan’s DOCTOR and PATIENT and the LAW priced at $12.50. 


or obligation. If remittance is enclosed, publisher pays the mailing charges. 


Las-10-58 
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REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 


Transaminase levels; 


S. 1. DULKIN, Px.0. 


Hormone Assays; 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 
Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESGEARCH 


2364-236 SOUTH ROBERTSON BLVO. BEVERLY HILLS, CALIFORNIA 


Protein-Bound Iodine 


OTTO E. LOBSTEIN, PH.D 








WHEN YOU MOVE, PLEASE— 


(2) Mention the name of this Journal. 
(3) Give us your old address. 

which we sent your last copy. 
(4) Give us your new address 
5 


Please print your name and address. 


Circulation Department, The C. ¥. 
St. Louis 3, Mo. 





Changing Your Address? 


(1) Notify us to change your address—allow us six weeks to make the change. 
(We publish twelve periodicals.) 
If possible, return the addressed portion of the envelope in 


complete—including the Postal zone number. 


Thank You! 


Mosby Company, 


Publishers, 8207 Washinaton Blvd., 








Specially designed and produced for The 
Journal of Laboratory and Clinical Medi- 
cine, this file will keep one volume, or six 
issues, clean, orderly and readily accessible. 
Picture this distinctive, sturdy Volume File 
on your bookshelf. Its rich red and green 
Kivar cover looks and feels like leather, and 
the 16-carat gold leaf hot-embossed lettering 
makes it a fit companion for your finest 
bindings. 


Preserve Your Journals 
With This 


a esse . ones 


Volume File 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for The 
Journal of Laboratory and Clinical Medicine. 
Send check with order. Satisfaction guaran- 
teed. Can be sent to U.S. and Possessions 
only. For prompt shipment, order direct 
from 


es5e Jones ér ae Box Corps. (Since 1843) 


FOURTH AND THOMPSON STREETS, PHILADELPHIA 22, PENN. 





—— VIRUS AND RICKETTSIA — Complement Fixation — 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 
72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “D”’ Street, P. O. Box 329, San Bernardino, California 
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automation finally brought to clinical chemistry 


Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 


doing jobs like those listed below with an accuracy, reproducibility, and dependability, 


which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 


better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 


clinical biochemical analyses 


pharmcodynamic research 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


For the thousand-and-one substances for which biological fluids 
ore analyzed ... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
mately 1%. Elapsed time-per-test, as little as one minute. 


Sampling by direct aspiration from circulatory (or other) system 
of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 


~concentration levels of blood urea nitrogen, blood glucose, etc. 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 





TECHNICON® 
INL, nalyzer 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 





NEW... SPEED AND SIMPLIFY ROUTINE URINALYSIS 


ONE STRIP 
ONE DIP___ 
TWO RESULTS 
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U R i S ’ : X REAGENT STRIPS 


combined 


TRADEMARK 


colorimetric | test for protein and glucose in urine 





“dip-and-read” 


For the two most commonly performed 
lab tests...the “heart” of every routine 
urinalysis...the ultimate in simplicity, con- 
venience and reliability. Equipment and 
many minutes of valuable lab time can be 
saved...just “dip-and-read” a single 
UrisTIx Reagent Strip and get two test 
results in seconds! 

COLORIMETRIC READINGS FOR PROTEIN 
—no guesswork of turbidity estimations 
ENZYME SYSTEM FOR GLUCOSE— 

unrelated to copper-reduction methods 


SPECIFIC FOR PROTEIN AND GLUCOSE 
—unaffected by other urine constituents, drug 
metabolites or urine turbidity 

SENSITIVE — detects as little as 10 mg.% protein 
and 0.1% glucose 

STANDARDIZED —color guides permit reliable 
estimations, consistent reports 

TIMESAVING AND ECONOMICAL — completely 
disposable 


available: Uristix Reagent Strips—Bottles of 125 


¢. \} AMES COMPANY, INC » ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 





